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PliEFACE TO THE SEVENTH EDITION. 


The practical study of Geology has now been organised in many 
centres of educational activity, and has*inet with recognition 
both in modern and older universities. A large body of workers, 
thus encouraged, continues to furniab new methods of research 
and new aids to observation, many of which have been succes- 
sively referred to in these pages. In the present edition, changes 
Jiave been made in some seventy pages, with the object of bringing 
the somewhat wide subject-matter up to date. At the same time, 
*too much stress cannot be laid on the methods of the earlier 
workers, and especially on that thorough ^miliarity with the 
mouth-blowpipe, which renders a practical geologist remarkably 
independent when examining new lands. Every field-geolog^t 
must also be a mineralogist and a naturalist at heart, and the 
curricula of our colleges do well to lead on from physics and 
ciiemistry, through mineralogy and zoology, to the study of 
rock-masses and the principles of William Smith. 

The student whose interest has once been aroused is not likely 
to forget tliat true practical gecdogy must be pursuedin the open 
country and the open air, and that these “ Aids* '"are intended 
to help towards the determination of what has been personally 
gathered from the mountain-side or in the plain. For those who 
take pleasure in learning from the earth ground them, a smaller 
volume has be^n written, Open-Air Studies in Geology , in 
whieh*^ special appeal is made to tlie rock-masses a? we meet 
them ig the field. But all the wide developments of geology 
must rest on jjJatjent determinative work; and the invention 
of a new pi&ce of apparatus for the%boratoty, or the correct 
appjredatibn of a fossil, may open up the clue to some lon^-^ught 
e^h. 
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Ylii 

While certain modern restrictions in nomenclature have 
been introduced, which undoubtedly tend towards exactitude,* 
the limits of the names of rocks and fossil genera have been 
kept as wide as possible. It has seemed equally unnecessary 
to relegate Terebrotula to an obscure position, because of its 
imperfect definition a century or more ago, as to set aside 
‘‘granite” and “basalt,” and a scortj of familiar petrographic 
terms. There has bepn a slight and healthy reaction in recent 
years with regard to the multiplication of rock-names, and the 
use of adjectives before some of our w'ell -tried terms saves the 
memory greatly, and is in itself an aid in practical geology. 

The third edition of this book benefited greatly by the advice 
of Sir L. Fletcher as regards the description of the optical pro- 
perties of niinerals, and I may especially thank Prof. Bonney/ 
Sir Jethro Teail, Dr. F. A. Bather, Dr. A. H. Foord, Mr. R. H. 
Worth, and Dr, A. Moriey Davies, among the many friends who 
have helped me with ad\ice from time to time. 

GRENVILLE A. J. COLE. 


Du BUN, May, 1918. 



PREFACE TO THE FIRST EDITION. 


This little work is intended as a companion to any ordinary 
text-book of geology ; and it is hoped that it may be of 
special service to those students who have made excursions 
into the held, and who wish to determine their specimens 
for themselves. Mr. Joshua Trimmer, in 1841, issued bis 
Practical Geology and Mineralogy, with the object of en- 
couraging readers who were beyond the reach of oral in- 
struction. The book, necessarily contained some theoretical 
matter ; but at the present day the abundance of excellent 
text-books has enabled these Aids in Practical Geology^ 
^hile originating in the same idea, to be kept within still 
stricter limits. 

The section on blowpipe- work has been inserted as an aid 
to travellers ; while the description of the hard parts of fossil 
invertebrates will probably assist those readers who find it 
impossible to distinguish genera by means of mere names 
and figures. In arranging the genera thus discussed, those 
forms, have been first dealt with which exhibit most com- 
pletely the characters of their ^class or sub-division, *Hence 
highly developed types are often treated of before those 
which may have preceded them in time, or which may have 
degenerated from them. By kind permission, I have been 
able to utilise many of the figures of fossils illustrating 
Phillipses Mannal of Geology^ and have supplemented these 
by 1 ^ fiV sketcW and diagrams explanatory of *special 
features,^ 

A lar^ sectioh of the book has been devoted to rocks and 
to the ordinafy minerals of the earth^s crusty since these will 
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always present themselves to the observer during any ex- 
pedition or in any country. As for the names used for* 
igneous rocks, 1 have endeavoured to retmn the comprehen- 
sive terms of pioneers, such as d’Aubuisson, Brongniar^ and 
Haiiy. The more exact determinative knowledge of the 
present day has introduced us to many new rock-varieties ; 
but these can he distinguished by the addition of a mere 
mmerai piei?x. 

Id 187B Prof. J. W. Judd, F.RS., organised the instruction 
in Practical Geology at the Royal School of Mines in London ; 
and it is difficult to express briefly how much this book 
owes, in respect of any merit it may possess, to the courses 
then instituted and continuously developed from year to 
year. My great indebtedness, also, to Prof. Judd’s published 
papers, and to the works of Brash, Lacroix, L^vy, Rosen- 
buscb, Teall, Zirkel, and Zittel, will again and again be 
^parent in the text Numerous friends have, in addition, 
assisted me from time to time. At the risk of passing 
over some of the most generous, I must express my sincere 
thanks to Messrs. J, E. Duerden, L W, Fulcher, J. W. 
Gi'^vy, and T. H. Holland And let me add, with Isaak 
Walton, that “ I have found a high content in the search 
and ooSference of what is he^ offered to the reader's view 
and censuit ; I wish hiip as much in the perusal of it" 

GRENVILLE A. J. COLE. 


Ddbus, Ihun^, 1890. 
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AIDS IN PRACTICAL GEOLOGY 

PART I. 

THE SAMPLING OF THE EARTH'S CRUST. 


A foMil thell may interest a concholo^t, though he be ignorant of the 
t^pality from which it came ; but it wUl w of more value when be leama 
with what other species it was associated, whether they were marine or 
freshwater, whether the strata coDtamiag them were at a obtain elevation 
above the sea, and what relative position they held in remrd to other 
groups ol strata. "—Chafucb Ltbll, PriiKtptes ^ <?eofo^, v^ i., 18.%. 


CHAPTER L 

ON CERTAIN OBSERVATIONS IN THE FIELD. 

Tub examiuation of the features* presented by the Earth's crust 
in any locality, with the object of learning something of its past 
history, must always he one of the most delightful of occupations; 
and the material advantages arising from a correct determination 
of minerals and rocks are obvious to every traveller. Such aids 
in determinative geology as are given in the following pn^ 
may be applied in^any baIting>plaoe, or in cities after the return 
from an.swpedition; but in any cai^ observations made on 
Bpeouhens are of slight importance if uncoupled with knowledge 
tgue position in the field. 

The Museum Uhrator, for instance, has duties of an invaluable 
character. He brings together, collated, and arranges the types 
and varieties described by authors, adding to them by lus own 
speoifd knowledge, and thus forming a series with which any 
new sfecitpen ,ean be easily wid aocuratoly compared. To 
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him tho EartI) becomes a great reali^, for be surveys h through 
the extent of his oollectioiut and his stodies } but the ordinaryc 
student, gatliering together a few relics fiom the curiosity- 
cabinets of relatives and iiiends, finds that tliey appeal to him 
but little; they have no assodationi, they have long been 
separated from thmr kindred, they are “fossil” in the wont of 
senses. But let him, having a knowledge of first princcples and 
of museum-types, go out to see things for himiell Furnished 
with the maps and books of experienced workers, let him 
re-examine Urn evidence on which they have r^ed. A week's 
holiday thus spent amid varied surroundings, as on the Welsh 
border, or in Antrim, or atonnd Edinburgh or Bristol, will 
provide material for long and careful study. Onoe in the field, 
the complezitv of the subject will dawn upon him ; but at the 
same time he becomes assured that^ wherever be may wander, be 
will find oongeniid work. The firrt visit to a district commonly 
raises nnssbmess questions, when the specimens gathered are 
examined at his leisure ; and the soggestions of the laboratory 
or the microeoope must be tested in a second or third excursioe 
fay re-examinarion of the relations of the rock-masses in the 
field. 

In the field itself broad names are assigned to objects, detailed 
fletermination being left for oomparstive and instrumental 
wo ^ ; but in these after-hours (d study every scene comee back 
vividly before us, and even the lichens that may vet cling in 
hollows and betray the collection of an imperfect and weathered 
specimen, serve th^ turn with the naturalist and remind him of 
the wide, opeiHdr, and eminently natural character of his work. 

, The ^ of oheei^g in the field, and of balancing the evidence 
oi various exposnrea, must be to a great extent learnt by oral 
tradition and person^ guidance ; and the study of any geologiml 
map, with its outliers, Its sinooas outcrci2}s, its inlieis, its 
rep^tions by foults or foldings, should be carried on, wherever 
possible, in the actual district that has bean mapped. The 
practical constnictioa of end of sections from ^em, is 
d i acn m ed in Sir A. Qeikufo (JnUinsi J'iskI (TSsofoow (Macmillan 
A Cou), and Penning's PW (Mogff (Baillike^ Tindall A Cox). 

The examinarion a country Hke Britehi, or any psyt of 
wea^n SsrM from tiw point of view of a sMent anxious fo 
grasp tlm laBeni foatnie% the oonnexknt Jbelwemi und^rmuh^ 
and wartime ^ been immenaefy* fodlita^ ly the 

modem devatonant of ^riing; Trav^ after traverae of a 
flonntiy may #1 made with aome handy jgeoh^poal inaP <»Hod 
in a capadoui toei-iaig^ toj^mr wi^t a Smmer, heavy enot^ 
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to mvestfgate each wayside exposure. The physic^ geology, dip- 
*8lop68 and escarpmenta, allavial plains or mountain-gorges, b^me 
very real to travellers on the and the repetition of the same 
features in the same order in soooessive traverses comes upon, one 
with admirable distinctness, and gives a key to the structure of 
wide areas. When tiie general grouping of the strata has been 
grasped, attention can be paid to some limited district But 
even here a bicycle or tricycle ready to hand is of conmderable 
value* Though days and weeks may be spent on foot up 
and down nig^ exposures, or across broad cultivated lauds set 
with little quarries, as in Ootteswolds, every now and then 
comparison becomes desirable with some distant point, and the 
road is taken without delay. The intervening country may be 
reviewed in passing; when local work is completed, a different 
route oan be taken in returning; and thus hints are received 
and sections examined which othervrise might have entirely 
escaped. 

And this matter applies also to^ geological observations in 
districts invitiag by their wildness. If the student of the 
Grampians, the Jnras, or the Alps, can find time to approach 
them mile by mile along the highways, following up the rivers 
that flow from them, tramng afar off the limits of the lowlan^ 
the first carvings of the foot-hills, the change from pasture to 
moorland, from moor to desolate crag, he gains a most vivid 
appreciation of his surroundings when he arrives at the locality 
of his work. And just as the district in which he finally settles 
acquires dignity from its wide associations, so lus very specimens 
and chips, whenever studied, come to have a truly geoUmcal, 
not memy mineralogical or paleontological significance Even 
a mioroeoopio slide, amid such ^memories, seems to assume its 
place in nature;. * 

The instnuDSsU used in the field should^ he noticed here. 
First in importance is the hammer, which may vaty much in use 
and weight with the work proposed, and whidi may easily err in 
being too heavy, as well as in being too light Wore und^ 
taking any long expedition, the head and waft should be ^ell 
tester the fofm of handle that cnftups the hand least should 
he selected. A handle too small in dreumftr^noe hi liable to 
^use blisters, or at any rate to pain the hand, during long use 
<m refraet(ffy malenials. 

For most kinds of mork, a flat end %o the^^ hea^ about 1 inch 
square seems most suitable; the other end should be 
idiape^ and tiiere are teny reasons, easily seen in praotioe, why 
ti|e ch^-e<%o^ should run horinmttdly, ziot vertim^y, w^ the 
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hamm€^llazldle is held upright A strong side reMou when 
working in hill'd istricts is that a secure hold can otten be* 
obtain^ in ascending or orcMtsing steep gras8'8lo{)68, by driving 
the chisel’end at each step into the soil. 

A sharp pick-like termination may sometimes be useful, in 
place of the chisel-edge, for splitting open lumps of soft rock 
when seeking fossils, or for laying bold of and bringing down 
materials that are beyond the reach of the arm alone. But for 
genera) purposes, trimming of specimens, wedging out blocks, 
and BO forth, the chisel-edge, some I inch or so broad, is in- 
valuable. 

Where much collecting U to be done, weight becomes an 
object) and the reduction of specimens to a convenient minimum 
sue in the field is always desirable, since any accidental fracture 
can be remedied by at once securing another sf^ecimen. ^ Hence 
a light trimming hammer proves a great additional convenience, 
and the risk to specimens during trimming, particularly when 
they contain fossils, is thus .very much reduced. 

Though many geologists prefer to di8{>ense with a chisel, tbertf 
is no doubt of its convenience where blocks of rock have to be 
worked out from a cliff-faoe, or in any place where the hammer 
^Is to get an easy hold. A good cold chisel,” some 4^ to fi 
inches in length, is suitable. If it is too short, it may become 
driven in down joint-cracks before its work is done and before 
the block is wedged away from the parent-mass. 

Elaborate bammer-belts seem quite unnecessary. The speci- 
men-bag is commonly slang by a strap passing over the right 
shoulder, so that it can be steamed and partly supported by" the 
left hand when it becomes foil and heavy. An additional strap 
for the hammer cumbers the chdst, and even in a belt the head 
has to be invented from touching and wearing through the 
clothes. It is simple enough to fbp the hammer into the side- 
bag itself the hantfle projecting from the forward end under the 
flap. The left hand, by resting on the handle, can then easilv, 
during long walking, keep the bag from rubbing unpleasantly 
on the hip. 

The hag itself should he light and strong, with twosftrongly 
hnttoni, rather than straps, to dose the flaps, so that no 
tiase ia lost in openii^. On moving from each oollecring-nlaoe it 
most invariably he closed, as a slight slip or twik when cunbing 
may dc^ve the observer of valuable s;^s. In rounding rockv 
sto^ ft is best to keep the bag slung well upon the back; if 
on the ootside, it tends to destroy the bolanoe in the wrong 
«Breotton; if on the inside, it thruits the body away frtgn the 
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.rocks, and ia also liable to catch daring any rapid morement 
In jumping, as across little stream'cuts, it will soon be found 
that the hand should steady it from below. 

A receptacle that proves extremely light and satisfactory is the 
rubber ^‘game*bag" covered with thin cloth, which is procurable 
at some water-proof dealers.* The price is about 6s., and the 
supporting rings and straps are generally strong. Though liable 
in old age to be finally cut through by sharp rocks, the material, 
even when perforated, does not fray away. 

It is scarcely necessary to mention a walking-stick as part of 
the geologist’s equipment, for it is indispensable on steep or 
roughish ground. It should, at an rate, be never left behind 
where long slopes and tahises are in question, since its use will 
make observations possible that might otherwise involve genuine 
risk. Among rocks it may sometimes be necessary to throw it 
over in advance ; but to descend dry grass-slopes without a stick 
is undoubtedly time-consuming and vexatious. Mountaineers 

f ill forgive our reminding the geological student, who will often 
nd himself in situations all the more pleasant for being un- 
familiar, that a steep hill-side should be traversed with the stick 
in the inside, not in the outside hand. 

A compass is a necessity for the pedestrian. It may be conp- 
bined with the dinometer, as in the convenient box-instruments 
often made. - Many of these, however, do not allow sufficient 
length in the edge which is to be held co-incident with the line 
of dip observed. Any one can construct a clinometer from 
an oi^inary protractor; a swinging index, or even a weighted 
thread, being hung from the centre of the straight edge so as to 
reach the gntduated arc. Of coprse the 90* marked on the pro- 
tractor reads as 0* when a dip is to be taken ; thus, if the index 
points to 84*, the dip is .6*, and so on. 

In observing a dip, the plane of the graduated arc of the clino- 
meter must be held parallel to a verticalTock-&ce on which the beds 
appear exposed, and the distance between the eye and the rocks 
should be reasonable, in order that the straight edge may appear 
coincident with a gonsid^ble len^h o^ the dipping stirata. The 
instrument is tilt^ until this appears to lie along some 
well-marked line of stratifioation; the plummet* or index 'then 
points tcrsn anglp equal to the angle dip o^rved. Beveral 
observations are d^trable as checks to o^^e ^otlmr; any evidences 
of lenticular or current-bedding must be noted; and the oompass- 
bearing of the face of rock utilised must also be observ^. 

* Mewra Walkley k Co„ 426 Strand, London, supply these. 
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The dip thus found is yery probably only an apparent dip^ an<L 
in less than the true dip, wmch runs in some other direction. 
Two or more obhervations taken near to one another will settle 
this point Thus where there are two dips seen on di£ferent 
walls of the same quany, or in closely ad|oming quarries, and 
where theee are evidently not due to mere local slipnings or 
to the very common creep of the higher beds down the mope of a 
hill-side, then the direction and amount of the true dip can be 
found by the simple geometrical meUiod of Mr. W. H. Dalton.* 
The directions of the walls, or 
rook*&oeB, on whicb the dips are 
seen are determined wiUi the 
compass, and two lines are drawn 
to represent them on paper, 
giving, the angle ra6 (fig. 1). 
Should one dip in the actual 
quarrt-seotions incline towards 
a and the other away from ty 
one of the lines drawn must be 
produced, so that the dips repre- 
sented in direction by lines 
a b and a r both either incline 
towards or away &om a. 

Draw a c perpendicular to a 6, 
and of any oonvenient length, 
say, for greater accuracy, about 3 indies; and draw ai per- 
pendicalar to a r and equal to n & From e and t draw lines 
ipaldnff with a e imd a $ retpeorively an^es equal to the comple- 
ments m die obseired angles ol dip, and cutting a 6 and »r m d 
and ^ Then the an^es a d e ana a f s reproMnt the angles of 
observed dip along the directions <i6 and a r respectively. 

Join df; this line re^esents the^ strike oS the hm. a$, 
drawn from a p»pendicularly to it, gives us the direction dt 
true dipk Draw a/ peroendiealar to as and equal to ac or as; 
jotn/s. The angle a s/ when measured with a protractor, gives 
the amount dm due dio, ^ ^ ^ 

^0 matter is dear if &e difse diaimles a si, acd, ^ a/s 
STS farngiitad as bsxtt up so as to stand pmpendicnlariy to die 
platts did, whidi cemmns horisontsL The points / 

eoindde, a^ a plaim*laidl np<m die diming lines si;/s, and sd 
wiU represent timy a surfiioe of one of w» strata obe^^ in die 
Md, when twtli die apparent dips ware iiu^i&dd away from g. 

* QteL JUfig,, 1873, 333; see dso A. H* Grsm, itid, 187d f 3^^ 
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11 a borixontal line in this surface, and is therefore the siaike; 
the Une/«^ now perpendioolar to it, and also in the same sor&oe, 
represents the tme dip both in oompaBS>bearing and in inclination 
to the horiaonta!.^ 

J£ both the obeerred dips are inclined towards the point a, it 
is* clear that the same construction suffices, only the arrow set 
down upon the map to indicate direction must point slong a s 
towards a and not away &om it 

Graphio m^ods line the foregoing serve the geologist &r 
better than an^ i^stem of elaborate tables. Provi^ the scale 
of the drawing is sufficientlT large, the errors of observation in 
the field, owing to the small exposures studied, will be greater 
than anj that can be -introduce afterwards by measurement 
firom a oarefdliy oonsbruoted drawing. 

To find the relation of the point where obserrotions are being 
made to features nuuked npon the map, and thus in one^s notes 
to localise the observation, is often difficult, in a wide and open 
cgontry. Even the map on the scale of 6 inches to a mile 
cannot represent every rock and projecting boss, and measure* 
ments must be made extending from some recognisable point to 





the place of obaervatioru The ti^measnre, so importai^ in 
^eterminiim the thicknesses of beds on {stces of a quarry, is often 
of use in^ur^ measurement on the snr&oe of we gioond, for 
whhffi* purpose it tiiould be at least 40 feet in len^. Mere 
pacing over the ipterval is sufficiently accurate in many cases ; 
W where tiie position in asimuth caq be found, and it is a 


* Though dip snd sti&e an ooaunoiily oousidored ttgothor. tim 
may be orfuM iadependeatly as the Ime of greatest mdinaaon to ito 
hodsoii, and as the diroelioii ^ a hmacaitid Imo, foths plsoo 

luriaoe m any bed.* 
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question of how high above or how fisur below some known point 
we are standing) little instnunent known as Abney’s level 
(fig. 2) is of constant serrioe. TJiis love! * is a ooiubination of a 
contonring'glass with a graduated aro and rotating spirit-level, 
so that fiurly aooorate altitude-readings can be taken. Within 
s horizontal tube, square in cross-section, is an inclined metallio 
mirror, which extends half-way across the tube, its lower edge 
being straight and horizontal. Through an aperture in the 
npp^ side of the tube this mirror reflects the bubble of a little 
spirit-level, which is attached to an index-arm and can be rotated 
by the finger in a vertical plane. The index-arm, bearing a 
vernier re^ng to 10 seconds of aro, moves over a semi-circle 
graduated in degrees. 

When the index is at zero, the spirit level is accurately 
parallel to the eye-tube. On looking through the latter, and 
shifting it in altitude till the image of the bubble is exactly 
bisected by the horizontal edge of the mirror, any object seen 
through the tube to coincide with that edge is on the same 
horizon or contour as the eye of the observer. By proceeding 
nearer to that point and levelling on from it to one more distant 
a horizontal chain of points may be established. 

, By this means, even when only scattered heights and not 
contour lines are set down upon the map, the height above sea- 
level of some point near the place of observation can finally be 
determined. Such a pomt bemg known, the use of the level 
will determine the height of any other, provided it is reasonably 
accessible. Keeping the index still at zero, the observer, if the 
point to be determined is above that already asoertained, stands 
uprighUat the known point and levels through the tube at the 
slope above him. Selecting some prominent stone or mss'tuft 
that appears on the edge of the mirror when the bubble Is 
bisected, he walks to this point and repeats the observation. 
By a succession of such observations, which may be mode along 
the direct line between him ahd his goal, or along as zigzag a 
courqs as the nature of the ground may dictate, he finally arrives 
at the point the height of which is to be found The number of 
times the observation faSs been repeated, multiplied bjr the 
height of his eye i^ve the ground, as measured with a* tape 
when standing upright, gives the total height that miast be 
added to t^t originidly ascertained. 

* Made bj Maiart. Trouffhton g Simms and other optieUns ; price about 
ethi. Messrs. Elfiott Brothers, Loudan, make a highly useful rorm, price 
8(h,, in triikh a small prim^c oonpsss, (ct horizontal surveys, is 

Sitachtd iA th« iuh«. * 
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Similarly, if the unknown point U below the known one, the 
levelling starts tVoui the former and rises to the latter. 

So fer, a simple level, about 1 foot long, with sights at each 
end and a little folding mirror just above it to show the bubble 
when it is being held level in the hand, will serve for these 
and similar contouring observations. But the convenience of 
Abney’s level is that it can be also imed for reasonably aocorate 
determinationB of the heights of clifis, and the ^cknesses of 
great divisions of strata displayed on them. Thus, if a level 
shore can be obtained, two observations of altitude taken at a 
measured distance from one another will determine the height 
of any part of a rock-face. The tube of the instmment is 
directed towards the point in question, and the spirit-level is 
rotated until the bubble appears bisected. Removing the instru- 
ment from the eye, the index will indicate the angle which the 
eye-tube made with the hoiizontal during the observation. In 
drawing out the results graphically, the height of the eye from 
the ground will again have to be taken into account. 

Moreover, this level works excellently as a clinometer, and 
thus enables one to dispense in practice with any other instru- 
ment for measuring angles. Since, in the forms m^e, the bubble 
is not always visible when the graduated arc faces the observqf, 
the instrument should be turned round so that the spiritrlevel m 
nearest to the eye. The edge of the eye-tube, which for this 
purpose might easily be made a little longer, serves as the 
straight edge of the clinometer. When it is adjusted so as to 
appear coincident with the line of dip, rotate the spirit-levol 
until the babble is seen to lie centrally in its tube. The angle 
at which the main tube has been inclined to the borixantal will 
be accurately tiiown by the position at which the index now 
stands. After the spirit-level has been rotated so as to become 
horisontalj tiie coincidence of the stra^ht ed^ and the dip must 
be carefully checked, lest the hand supporting the instrument 
should have shifted its position. 

A common triplet pockeUeos, or any useful form that will 
bear rough usagq, must always be earned in the field, as inde^ 
it should be carried by the geological observer every day of his 
life,* whether in town or country. A note-book without ruled 
pages, so that ^outlinendcetches may be added to the ordinal^ 
notes, cft Ti be kept ready in the side-p^ket. 

Seeing that the page of a field notebook is necessarily smaU, 
it is a good plan to carry sheets of the site of writing-paper in 
one's pocket-book, folded in quarters. Such paper con be un- 
folded to suit thr nature qf the sketch 
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F^ity in dixwisg the oatlines of scenery ooraxi witii prao*i 
tice, and a sketch or photograph shodd be made of every critical 
area or section. The points on a sketch may be lettered to 
£uulitate reference in the notes or on the labels of specimens 
I«stly» Uie geologist who knows how to tr^ and use 
a foontain'pen will never be without H in the field For 
precision of line in eketdiingi Ibr writing on loose pieces of 
wrapping-peper, whi(di may be waving in the wind, or on 
smooth sor&ces of the specimens them^ves, there is no com- 
parison between the ntili^ of an mk-{>en and a penetL SpeOi* 
mens may undergo various hardships during travel, and may 
remain ytmskod up fi>r months ; but their ]»el% if written in 
ink, will be always black and legtUa 


CHAPTER IL 

ox THE ooLuimox AXD racsixo or srxoinxxs. 

Ek^iFT in the case of brilliant examples of minetals, or of fossils 
exhibiting eharaet^ In an ftnusually fine state of preservation, 
i^iecimens are of little utility or inter^ to the geoJog^ unless 
gatheredactnally ti» tUu. A talus-heap, s^ worse a road-heap, 
the materi^ of whirii may have oome from aaywhm^ afford 
very tempting but veiy misleading mat^rud Smne ^specimens ” 
seen in ^their true posiUon are, however, fur too hu^ to be 
carried away. In tick esses a*iketoh girwg 
pbotogmpb, must fnfilce, end chips from Tsrioal parts may serve 
subs^nenily as illnstratiotts of ue whole. 

Hints are seattoed through the felUnring pages as to ihd 
griikts to be regmded in sslectitig spemmens of virioiu kuuk 
We need only note hers that sumous may be oolleeted in srti* 
field cuts <^on thi banks of streams, tome 2 feet or so beldw tbs 
ordinary eultivatsd and altered sur&oe.* Whmo the phyrioal 
characters of a loose mat^ial, such as a soil, are to be inv^- 
gated, the foUowing method has been found eatlsftetory. A W 
of thin iron is made, like a biscuit-box, 20 chi. long^ 10 cm. 
deei^ and lOcm. wid^ with two lids in place of a ibmd bot^m 
and a Isd. An exeaTUtton to the required totii is made with 
a spade, a^ a good blodk of the soil is liifM out, without 

* Vca Bii^thdea, iSkm^ Ibrsdtssomiiisdi (1880), p. 88f 
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^uturbftncey oa spade, whioh U now laid on its back on the 
ground. Place the frame of the box on the block of soil, so that 
its length lies perpendioalarly to the original sur&oe^ and press 
it care^ly down, whereby it cuts off the extra ma^riu round it, 
and becomes filled with the soil in a natural state. The frame may 
be driven down by taps with a hammer on its comers. Smooth off 
the material that is now protruded through the frame above the 
level of its sides, aud put on one lid. Turn the spade and box 
carefully over, and remove the Sf>ade; smooth off this side 
similarly and affix the second lid. Wipe the ontside of the box, 
label it, and enclose in a bag or large stout envelope. In this 
way we obtain a soil-sample that we know occupied exactly two 
litm in its field-condition. 

Well-developed crystals of minerals are to be hoped for only 
in cavities and on the walls of open joints; while rock-specimens 
should be broken out fmm lai^r masses, so as to secure fresh 
unweaUiered surfaces. It is often useful, however, to show the 
imount of resistance of the rock to atmospheric action by collect- 
ing the sur&oe-cnist also. The difference of colour between 
such crusts and the interior is often striking, at may be seen in 
brown olay-blocks with blue cores, or in the blue-grey "felstones” 
of Wales, which weather to a porcellanous white. • 

Fossils may often be nther^ in a good washed-out conditTon 
on the loosely coherent bulks immediately below the outcrop of 
the beds in which they properly occur; but no pains must be 
sjiared in cpllectingirom the homons themselves, ^thou^ speci- 
mens thus obtained may emerge fractured and otherwise obscured. 
The oiaemblage of forms should be fidrly represented in a collec- 
tion, since it is well known thaUthe mere umt of the oc<!brre&(^ 
of a particular species does not necessarily mark a zone. 

Curious errors of locality often arise, whudi are due to the 
ind^tigability of man. Thus remarkable rocks are carried for 
long distances to decorate the wibchm^-sills of cottages, and af^ 
wards become oast out upon the hilla to pusile l&e wandwing 
observer. ffimJlarly the glassy slags of long-forgotten fumacw 
have a^^dn and af^n been placed |U3 evidenof that volcanic 
rock% occur in su^ and such an area. As to tiie stalls of recent 
edible motkscs, wpecially oyster, no locality seems too 
ancn^ouB for their disoovery. 

The labelling of specimens in the field may be done by attach- 
ing numbers to thmn on strongly gummed labels, and deaoribiig 
tiliem, wi^ oorteapondihg numMrt,' in the note-book. 
specimen should M wrapped in newspaper to prevent foudkai 
with fts follows in the bag. Hence a less oummus, though at 
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Uie same Ume len neat method, ia to write all the deacription on 
some part of the plain white ^ge of the wrapping-paper ; thi^ 
should he folded in so as to escape tearing, aufhshould be always 
kept as carefoUy as the specimen itself. It will form, in fact, 
when snheeqa^tly tom off on unpaddog each specimen, the 

original label” drawn ap on the spot to which all fbtnre 
reference most be made. Experience shows that specimens thus 
labelled on infolds of their wrappers may be sent thousands of 
miles by rail or sea withont any risk of confoiion or loss of the 
observations recorded. Dr Blanford advises travellers in tropi- 
ca] oonntries to poison their labels by washing in a weak solution 
of corrosive subUmate, to prevent their being destroyed br mitei 
and insects. (See the admirable series of papers entitled HinU 
to Trav«Qer$f published by the Boyal Oeoi^phical Society, 7th 
ecLa 382.) 

Charles Darwin suggested from Itis experience that during a 
voyage the specimens fmm distinct localities should have their 
wrapping-papers marked externally with characteristic signs, a 
practice of great assistance during unpacking.* * 

The original label, or the note corresponding to it, should be 
as full as possible, and may even contain croes-rcferences to 
specimens collected in the same series. If the locality is an 
bnknown one, as in long traverses and in wilder regions, the 
hour and day of finding should be noted in each case. Even if 
this goes on Crom day to day during the passage (ff an expedition, 
some idea be gained respecting the relative positions of the 
places studied along the route. 

The practice of noting the day, month, and even year, on the 
label o{ every specimen, is, ind<^, of continual use in after 
reference ; and in all careful study of an area the boar of the 
day is of amstanoe. These minute facts, like so many others, 
are not, however, for publicatiom In research-work the duty of 
the ohMTver is to separate the important fimts from the mass of 
material that has been gathered on the chance of its proving of 
importance. On the everything most be noted j later studios 

weM out the fundamental from the trivial. T^ young writer 
who reto to Iw spedmeos by number, and deeeribes them each 
in detail, has either lost sight of Uieir iield-relationi, or is fork- 
ing on ** drifted” material in the darkness of cabinets and 
mnseanui 

The transport of geological speeimens to their destination is 
seldom a matter of difficultr, owing to their non-perishable 
character. In moet places cne.ip sacks or bags are ootainable, 
* JdmMtf Mmual (^fSemtijU JSkquir^ (1859). p. T,t e 
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and these prevent the specimens from shaking on one another, 
they may possibly do in a partially fillea bojL The bag 
should be of stout fibrOi and should be sewn over with strong 
string just aboTe the specimens. Several such bags may be 
sent on beforehand to the area of work, sinoe there is ofCbn a 
difficulty in a small town in procuring a box of sufficient strength 
and of convenient size. 

Fossils travel better in a wooden box, unless each can be 
enclosed in a small box of its owm Small and delicate specimens 
may be separated in stout corked glass tubes, wrapped round 
wi^ paper several times ; others may be temporarily glued to 
the bottom of cbip-boxes before pack^. Where wool is used, 
it is important to drst wrap the specimen in tissue-paper, since 
the fibres of the wool, if in direct contact, remain upon the 
spej^en for years. 

The development of the parcel post has greatly fiudlitated the 
transport of small series of speoimens from foreign countries. 
It should be noted Uiat in Italy a linen cover is re<|uired to 
^rcels, paper alone being inadmissible j hence here, and else> 
where as a safeguard, a few calico bags to enclose the series sent 
form a handy addition to one's ei^uipment. 



PART IL 

THE EXAMINATION OF MINERALS. 


Mii^nlode^ ^tent nae bnnoho de t*hitUnre natareUe, 1«8 milMte 
pmolpM qui dingemt l«s satonliflet eo gdn^inl dirlger wiuii le 

mm^nikwtfte. U^ohereho « coimtittre et i apj^r^oier U {dMe qa« Im divan 
aspteai at minima tienikeiit dans oot eiiMBible d'MrM qn*oii oomme U 
m^Qre, ei b N’tottruire dn rdleqa’Ui y jouent,”— Auxakdsx Bbonommrt^ 
Tnitf de 1807 . 


OHAPTBR IIL 

ON TRB OOCITBEENCB ANO SOME PBTflIOAL OHARAOTRRS ON 
NIHSIULS. 

A Modi of (kioanoiiee.--Tbe relation of the mineral specimen to 
its saiTOundingB shonid in aU cases be obserred prior to its 
extrmctimL Ite oocoiTenoe in veins or dififbsed through a rock> 
mass, in concretionary forms or in well<developed mystals, its 
deposi^on upon earli^fotiBed oonsritoents, or its inclusion in 
other substances that have agslregated round it*~ these are a few 
of the many points Uiat mayhelp in its final determination If 
it appears to be a product of alteration, searoh should be made 
for examples of iha mineral or minerals from which it may 
reaaomddy havte been derived. In the ease of a substaiiipe m 
e^^emal mterest or of eemmercial importanoa^ a rough or 
plan of the spot made in the field wiu often refresh the memory 
andjpil^ description when the details oome to be worked out 

^V%dnh)ihnk--The modes of extrac^ng par^lar minerals 
fnmi the miked or masnve agmgates kno#n as loeki will be 
more oonvmiietitly treated m in connexion with the rooks 
themarinsp, llie mineral particle^ whether dystallised or not, 
iK^ated from its ma^, some oim or all Uie 
of etxaminatfon may be applied witl^ view 
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to ite determination. The test of hardness, ai^ some obser- 
•vationa on form and cleavage, may often be employed without 
its remoral firoi^ its sunoimings; similarly, the optical tests 
described are &r more commonly applied to minerals oocnrnng 
haphazifrd in roek-sections than to preparations cut in known 
directions from specially extracted specimens. 

G. Colonr aad Lnstre^Transpannoy or 0paci1y.->It is un- 
neoessaty to remind any worker among minerals oi the variation 
of cobur in one and the same^spedes. The ores of the heavy 
metals are by fiur the most constimt in their colouring ; hut even 
here the phosphates, carbonates, dm., may assume very deceptive 
tiyta- Similarly, a mineral may at tunes be transparent, at 
' b&ers apparently opaque. Sometimes, however, as in the 
blad^r varieties m zinc blende^ a small chip or two flaked off 
will reveal the true translucent character of the more typical 
mineral. The blue and blue-green colours 6f vivianite will 
similarly become visible when flakes broken from dark crystals 
are held up in fl)rce[» tq the light. Some minerals, on the other 
band, such as ma^etite, are opaque even in the thinnest 
fra^ents; and tiw property becomes accordingly useful in 
tb& iden^cation. 

The lustre of the &oes of crystals or cleavage-planes is often 
of Service, though these are liable to be dulled by filmy produdi 
of alteration* lustres recognised by experts are given in 
all works on mineralogy.. 

D. S^ftb^The streak of a mineral, ia, the colour of its 
powder, can very often be observed by scraping a rough edge of 
the specimen with an old but clean ki^e, and spreading out the 
Uttie firs^ents, under pressure of tibe blade, upon whitg paper. 
A. refinement is to use a slab of unglazed porceUin or the side of 
a mortar, across which the specimen is drawn ^ the coloured 
lines thus given by different minerals may be produced doaely 
side by ^e, and comparison becomes very easy. The specimens 
must be from sur&oe-films and deoom^odtioi^roducta. 
Whda most rock-Jbrming minerals ^Id white or nokrarless 
streaks, the lesults^ given hy many smdudes and oxides of the 
heavy metals are eminently useful ana ohmuoteristie, espedally 
whez^known specimens are r^y at hand for ooiiparisoiL It is 
soaroely neoesa^ to mentioz^e red streak of specular iron or 
hgrmati^ the orange-brown of limonite, the grey ol |^eaa, the 
purde-ted of pyrargyrite, or the browner red ti ouprif^ as 
mmiUar and practicca examples. ^ . 

K SitOQIU Fonn.— The pooketdens wiU aid emimraldy in 
m^pmining the mystaUine form of minerals that ha^ eonadidaded 
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under Airourable oonditions ; but the undue deTelopment of cer- 
tain fhces, or the almost complete suppression of owers, renders 
Uie interpretation of natural forms far more difficult than 
would appear from the symmetrical drawings and models which 
are first placed before the elementary student Ifot even the 
measurement of the angles will distinguish between an elongated 
cube and a prism of the tetragonal system; but, in such a proble- 
matio case, some other test is certain to be available which will 
virtually decide the question of £he species to which the mineral 
belongs. In the preliminary examination with the eye or with 
the lens, twin-structures may occasionally he detects. Thus 
the characteristic Carlsbad twinning of orthoclase, whether in 
granitio or trachjtic rooks, is very generallp observable upon 
broken sur&oes ; hssal cleavage is inclinra in reverse direc- 
tions in the two halves of which the crystal is built up ; beime 
the one half will show, as the specimen is turned about in the 
hand, a series of brightly refiecting surfaces, while the otfier 
remains dull or even earthi-looking. From a similar cause, re- 
peated twinning, as in plagioclaae felspars, often reveals itself b) 
the appearanoe of fine alternating duller and more lustrous bands. 

It is often useful, and in some cases is absolutely neoessaiy, to 
determine the angles made by certain planes of the crystal. Even 
inhere woriks of rmerenoe are not to hand, the determinations can 
be forwarded to a friend more fortnnately situated; and the 
angles thus measured and compared will, from their constancy in 
the same spedes, serve to explain faces and forms of the most 
anomalous development With snfficient practice upon foroiliar 
spedmeos, the well-known contact goniomoter of Carangeot * is 
capable, of giving excellent results. In its simplest and perhaps 
himdiesi form it consista of ,two small flat bars of steel or brass, 
in each of which a slot is cut extending from near one end to the 
centre, the other half remaining solid. A little bolt is passed 
throngh the slots, and the bim are damped together by a 
nut By releasing the nat and drawing back or thrusting 
forward dther of ^e bars, their deanty-cut inner edges may be 
applied to any two planes of the crystal that axe not parallel to 
one another, the measuren^ent being taken when the edges of tfae 
bars are perpendicular to that fonw by the intersectien of the 
two planes m the crystal. When exact contact has been made, 
whidi may be best secured by holding up the crystal mid the 
injttnm&atf and observing that no light paM between the planes 
and the ed^ of the bars, the bars are oarefolly damped together 

^ ObtetMiiomim' la Pkp$iqtte^dA,i<mMX^ 19B, HaOvsiid 

othsnlmvetp«UtlieMaie**Ciiraiigeas"Mid 
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tad Again applied to the planes in question. If no shifting has 
taken place daring clamping, it only remains to determine the 
angle l^tween the inner edges of the ^rs. 

This is best done by applying the instrument to a semi-cironlar 
or circular protractor, which indeed forms an integral part of the 
oontaot goniometer. The point of intersection of two adjacent 
edges of the bars, or else of tiieir middle lines, is made to coincide 
with centre ^m which the angles hare been marked off on 
the protractor. The angle is read off between the prolongations 
of toe bars and not between the edges that were actually 
plied to the crystal 

Mr Penfield has recently devised two types of cheap and 
simple contact ^iffometers, in which the materials are card 
and vulcanite, ^ese are sold by Ward, 76 College Avenue, 
Boehester, New York, at about ^ each, and are lughly 
serviceable. 

In the esse of small crystakf and where greater exactitude is 
required, the roflectlTe goniometer most be employed, but is, of 
cdur^ available only where the &ces are reasonably bright 
Doll'^planes of crystals may sometimes, however, be rendered 
artificially lustrous by cementing to each a little flake of micro' 
scopic oovei^lAss, the gum or cement being spread equally over* 
the &ce. l%e instrument, as described in every text-b^k of 
mineralogy,* necessarily costs several pounds ; but for general 
purposes of identiheation toe ingenious contrivance of Prof^sor 
W. p. Miller, based upon the 
same principles, proves very 
simple and efficient A stout 
brass wire, b^t at righitagles 
at the top, is fixed upright near 
one end of a thick piece of 
board, whito should about 
a foot long^with neatly planed 
edges. A cork is fitW on the 
bent arm of the wire, as shown 
at 0 in fig. 3, and through it a 
shortef wire is thrust, also 
bent at right angles, and bear- 
ing a little plate, a, of cork or wood on one end. The crystal 
to be examined is atti^hed to this plate by wax,t and the wires 

* WoUaitOD's origiaal paper is in the Phil. TVttaa ffey. Soe., voL xeix, 
(ia09), p. 253. 

t Jifr. Qtiniey, in his Oryttaltoffraphy, recommends bees*- wax and olive 
oil melted tog^erand stirred until snitable oousistenoy is attained. Only 
a small immixture cd oil is required. 




18 


sons PHT8IOAT. CHARAOTBRS OP limRR4I& 


must be of irach a leugUi that, 'by the varioas adjostmeiiti of 
which this simple instrument is capable,' the ^stal-^e ool^ 
cemed can be Wught into an accurately rertictJ posibon and 
immediately over one of the nearer angles of the bom. 

l^e instrument is placed on a sheet of paper &st«ied by 
drawing-pins to a table at some eight or ten feet diftanoei from 
a window or similar opemng. If the window has a vertioal bar, 
this may be utilised as a signal during measurement; if not, 
some or band can easily be hung across it A second 
vertical signal most be set up at the same distanoa from the 
instrument, and may conveniently be placed on the same widl. 

The eye is brought close against the crystal, and the gonio- 
meter is moved about on the sheet of paper until the reflection 
of the window-bar seen in one of the bright feces concerned 
appears to coincide with the sscomf signal seen beyond it Now 
rule a line on the paper along one of the longer edges of the 
board. 

Bring the eye again into the same position as before, and 
rotate the board horixontally about the point over which t^e 
crystal edge has been adjnstira. This rotation may be assisted 
by having a large drawing-pm fixed to the wo^, its point 
c projecting downwards exactly below the comer of the b^rd. 
When, by rotation, the reflection of the window is seen in 
the second fece of the mystal and is made to coincide with the 
other signal as before, another line is ruled from the same edge 
of the board upon the p^r. Measure the angle between these 
two lines with a protractor; it is obvious that, no disturbance of 
the first adjustments having occurred, it will be the supplement 
of th^ angle between the twp feces. One of the lives may be 
produced beyond the point of intersection, and the actual angle 
may thus be measured off at once. 

dare must be taken in selecting faces to be measured by any 
method involving reflection, and at first a little difficulty will be 
experienced in seeing the image of a signal on so small a surface, 
however bright. Beginners are apt to hold the eye at far too 
great a distance, and thus run the risk of confhsin^ the 
reflections from two a<Qoining feces. Leaving the discussion of 
telescopic and other refinements to advanced ireatist^ on minera- 
logy, an easily constructed form of the ordinary Wollaston 
goniometer may be dMoribed in concluding these remarks. In 
fig. 4, a is a Arong wooden upright fixed to a board as a base, 
and serving as a support to the circular protractor, 6. A T-piece, 
t conveniently made of brass tube, runs horizontally ^rou^ the 
support, its avis traversing the central point of the pfptraotor, 
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the bar of which has been partly cut away. The bearings of t 
mVy coiwt of bored corks thrust firmly into a larger hole in 
and its cross-piece forms a handle by which to turn it during an 
observation. Two corks, e and d, work on the prolongation of t; 
0 carries a pointer, which can be adjusted to some convenient 
. degree on the graduated arc, a semi-circular protractor being thus 
all that is actually necessary ; while d, which can itself carry 
other Cork and wire refinement, serves to support the crystal on 


b 



its bed of wax. The refinements hinted at may facilitate the 
adjustment of the important edge so as to coincide with the axis 
of /, and a small cork sliding stiffly on a wire, as indicated in the 
sketch, will allow of the use of specimens differing largely in 
size.* The signals used are, of course, horizontal, and the 
reflection of the first one in a piece of glass hacked by dull black 
paper and placed under (/, as in the excellent student^s instrument 
devised by .Mr. Miers^t viH enablg the worker to dispens# with 
a second and independent signal. 

Any one &miliar with tools and with a lathe can easily 
improve and elaborate such an instrument ; but the simple form 
here mentioned serves well for determinative purposes. More- 
over, if the protractor is fixed by two small screws with flattened 
or ring-shaped heads, such as are commonly used for picture-rings, 
it is clear that the whole arrangement can be taken down without 
the aid oftools, and, with a little care in adjustment, set up 
again ready for use. It is Well before using it to test its 
behaviour upon some known and satisfectory object. 

As examples, a few crystal-angles are subjoined, some of the 

* A piece ol cork may also be tluiist into the end of wid from it a fine 
needle may project, coinciding with the axis of rotation. A^iust this 
needle the edge m question may be ad.fnateil. 

t Nfad^by Meesrs. Troughton k Simma, {iondoa. See Uin. vol 
lx., 1 ^. 214, pU. iik-y. 
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figvna being sufficiently obvious, but given here as uiefnl teste 
for practice 


; cleava^rboinbohedroQ, 
flwor-^r; oobe {see and ootahadra! oleavaee; 1^* 
Angite; priam laces ; $7* 5' and 92* 95'. 

HonMende; bees; 55’ SO^ and 124* 
(hdkoeUm; pnnoipal deavagea; 90*. 

LaSbradaiiU; prineipat oleavagee; 93* 56' and 86* 4'. 


[ace and octahedral cleavage; 1! 
« * 87* fi' and 92* 55^ 


andnei^veclioiBbohedKHi} 133*44'. 
DsaanrM over a polar edge; 105*5'. 


Qantit; any two ad}aoent dam of ibomtdo dodecahedron; I90^ 
&pmd; ootahedron faoee; 109* 28'. 

^ppoi; typical priem faces; 124* 17' and 55* 43'. 
jStreoa; imam and pyramid face; 132* 10'. 


F. Cleanse. — The presence or absence of cleavage should be 
carefully looked for, and the examination of broken fragments of 
a minem with the pocketrlens or the microscope will often afford 
valuable evidence. The planes of cleavage are often marked out 
on the exposed surbee of a <Ty6tal, as in hornblende, by traces 
of incipient decomposition. Ate use of the basal cleavage, in 
observing tiie twin-stracture of orthoolase has been already 
referred to. The phenomena described by Professor Judd as 
**Schillerisation”* give rise to planes of separation, commonly 
T^arded as cleavage-planes, these secondary sur&oes of weak- 
ness being marked by a pearly or sub-m^llic lustra The 
shimmering surfaces of broken diallage, ordinary bronzite, 
murchisonite, Aa, are due to this type of separation-plane, and 
the minute plates that cover them may be well seen in sections 
nnder the microsoopa 

An examples of the utility of Uie observation of cleavage, we 
may refer to the following minerals 


1. Colourless and trutsparent minerals ; 

Qsorb. —Ho elesvage ; fricture ocmeboidid. 
7opaz.^Cleavigc bawd, perfect 


perfect 

other clear f«faqpart..»BMal and cUao- or bmohy- 


Ohbib^lUioi&bchednd'deavage, perfect . 

Ani|tMite.'-Poee not yield pmeet fhombobedra <d brSohy- 

pifisecidal cleavage ahme good, raism aad braofaydome Imperfect 
ifoor-epor (often oa|o«m).-t3mvage octahedral, perfect 

l>iBSi0iid--Cliavags oetabodifeb 

(Vmnwn Ifmeceke aad ofoer ^ micas. ->Bsmarhabty perfect baeal 
deavaga 


* <*Tertiai 7 Perfdotftec of Soodaad;” Qaarterfy /oermd ^ 
AMidy, Loadoa, vol hH (18^, p. 888. 
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2. Darkly-coloured or opaque black minerala : — 

AnifiU and Cleavages prismatic Mid good.* 

T’ourBHdnu (jScAoW). "Cleavage seldom seen ; firae^ fairly ocmchoid^ 

Dorifc jtfifeas.— like muscovite. 

ITol^Vcui^ — Clinopinaooidal cleavage, perfect 

CoMatenk—Prismatio deawes, mra^ect. 

Zinc .fitoida "Cleavage paralml to rnombic dodecahedron, perfect 

0. Hardness.— The hardness of minerals, though varying at 
times in the same crystal according to the plane or dire5ion 
selected for the test, forma none the leas one of the best known 
and most satisfactory means of discriminating between substances 
closely similar in appearance. The Scale of Hardness devised by 
Mohsconakts of the following minerals, arranged from the softest 
to the hardest * 

1. Talc. 6. Orthoclase, fresh and cleavable. 

2. Gypsum (Selenite). 7, Quarts. 

3. Calcite. 8. Topa& 

4. Fluor-spar. 9. Corandum, cleaved, 

5. Apatite. 10. Diamond 

•Any one seeking to determine minerals should be thoroughly 
well acquainted with this scale. The relative resistance of each 
member to the point of a good pocket-knife should be carefully 
observed in succession, until No. 7 is reached, which is not# 
scratched by steel. If a specifnen of each member is passed 
lightly over the surface of a file, difierent amounts of material 
will be removed from each, and the sound produced, at first 
slighty will become more grating as the higher members are 
used. It is yet more convenient to draw one edge of a three- 
sided file lightly across an edge of the member of the scale, the 
varying amount of resistance an^ the difference in the^sound 
being very clearly noticeable. 

# When the scale itself has been thoroughly mastered, the haid- 
nera of a mineral specimen may be determined by it A sharp 
point of the mineral is selected and drawn firmly across Nos. 9, 
8, 7, dca, nntil a member is found upon which a scratch can just 
be made. It is always necessary to pass a brush or the finger 
across the sup^sed scratch to remove the powder, which may 
after all be derived from the mineral examined, and not from 
the member oC ihe scala A true scratch will appear as a 
distinct little groove when examined witii the pocket-lens. 

When a member is found that can be scratched by the mineral 
under examination, further test should be made of the effect on 
that next higher in the scale. Th» use of the file will idso help 

* The mtttvftla between the loocemve members of the icale are now 
known t# be exceedingly unequal See, for inatanee, T. A/Ji^rar. Amtr 
tfoiiqi* ^^1 Deo., l1^, p.^1. ^ 
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to ally the mineral with one or other member, or to place it mid- 
way between two, when ite hardness is known as 3-5« 5*5, 6ic. 

With practice, however, the use of the scale itself becomes 
necessai^ only in cases of special interest, and the observer 
relies largely upon certain simple ii^truments alone. Thus — 
(a.) Minerals unscratched by a good knife have a hardness 
(H) of 6 or upwards ; 

{Ik) Miner^s scratched with a knife have H - 5’6 or less ; 

(c,) Minerals scrotoliotl \)y a bronzn coin have H = 3’0 or less; 
(d.) Minerals scratched by the thurol>nail have H *» 2*5 
or less- 

Few minerals are harder than 7, and the relative degree of 
resistance to the knife afforded by the softer substances will 
commonly assign them their places, even when an actual Scale 
of llaidness is not to hand. Few persons will tind serious 
difficulty in thus distinguishing between degrees 3, 4, 5, and G, 
while the thumb-nail decides the lowest degrees of all in an 
equally efficient manner. A thin soft mineral, such as talc pr 
mica, w tapped about a harder core, as may occur in schisU, 
presents occasionally a difficulty ; and it must be remembered 
that decomposition renders many substances softer than tho 
• values given in text- books, which are those of typical specimens. 

The hardness of small fragments of minerals can be best 
ascertained by drawing them across a substance already deter- 
mined. A thin layer of “ electric cement ” ♦ or similar material 
may be melted on to a small bar of wood, and the grains to be 
tested may be partly embedded in this, and will become firmly 
set w^en all is cool. The cement must not be so thick as to 
allow a grain to become 6nvelo))cd when pressed down into 
it Using the wood as a handle, draw the mineral grain 
or grains over glass, bronze coins, members of the scale 
hardness, &c., and observe the results. Where scvetal grains of 
different bard minerals have been embedded for comparison, a 
good deal may be done by drawing a glass slip, such as is used 
for microscopic mounting, across each grain in succession, and 
noting the varying dep^h and character of the scratches thus 
produced. ^ 

K. Magnetic ChEUractere. — The minerals that are attracted by 
an ordinary magnet in their natural condition are very few, the 
most familiar lieing magnetite and pyrrhotine. The former at- 
tracts its own powder very freely, affects the magnetic needle 
of a podkeboompass in a more or less marked manner, ond not 
* 5 parts resia, 1 part beas’-wax, ajul 1 {Art red ochre. 
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tmfrequently exhibits strong jwiarity. Fragments of pyrrhotine 
also attract their own powder, are easily lifted by the magnet, 
and are recognised by their bronso'yellow colour. In the case 
of feebly magnetic substances, their powder should be spread 
out on a smooth sheet of paper and the magnet moved about 
just above the little particles in a somewhat brisk manner. 
Even if the particles decline to quit the paper for the m^;iiet, 
movement can be easily seen among them, and they will rise 
and stimd on end as the magnet nears them, falling a^iin after 
it has pused. 

Compounds of iron, nickel, and cobalt, not previously magnetic, 
become so after reduction on charcoal before the blowpipe. The 
mass must be cut out, crushed, and then treated as above. The 
particles extracted from the residue by the magnet can be further 
tested in borax or microcosmic salt (See Chapter V.) 

If the magnetic properties are so weak that the pai*ticles have 
to be touched with the magnet before they are influenced by it, 
<^re must be taken that the magnet is perfectly clean. Examina- 
tion with the lens wUl show whether any adherent particles are 
held by virtue of their magnetism or by mere clinging to a 
moist or sticky surface. In the former case they will be seen 
standing up in unusual positions upon the steel. 

The place of a bar-magnet can always be taken by a magnetised 
blade of a |)Ocket-knife. With a knife tliat has been so treated 
usffvil field-observations may be made. Thus the remarkable 
prevalence of pyrrhotine may be shown in some rock- masses, in 
place of the more familiar iron-pyrites; and such occurrences 
mw easily be overlooked unless detected on the S[>ot itself 

1. SpeCwC Gravity.^The most/amiliar method of determining 
the specific gravity of a body is that involving the use of an 
accurate balance and a set of chemical weights. The specimen 
is suspended by a light silk thread from the hook on the under- 
side of a small pan, which i*eplaces the ordinary pan of the 
balance. It is weighed in air (m) and then immersed in a glass 
of distilled water ; all bubbles are carefully removed,* the water 
being boiled if necessary, or the vessel being placed for some 
time,under an air-pump ; the weight of the specimen when sus- 
pended in water is then determined (uf), and the specific gravity 

(G) « ^ In accurate determinations the water used should 

' ' to - to 

* To remove bubbles with a brush, withdraw the speoimea aiod paint It 
over, 9 ^ it were, with water, whi<^ should be worked into the hoUowa 
Un again {mmennng, the hubbies wfU have broken and dinppearod. 
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be ftl ft etandard temperatujre^SngUah observers JiAve obosen 

60 F. 

Some few sabstftnoes of interest to the geologii^ ma^r be lighter 
than w&tei^-M., they have a dozwfy of lees than 1. In such 
cases a smking^weight may be attached, and allowed for as 
follows : — Let the weijj^t of ih» sinker in water he a\ and the 
joint weight in water of tho speeimen and the sinker be h\ vf 
being, as before, the weight of the mineral in air. Then in 

place of wo have V - o', and O = — — 

It is often impossible to suspend small mineral fragments 
directly from the nook ; but they may be weighed in a li&e pim 
attach^ to the light silk thread. Let the weights of this pan in 
air and water respectively be a and a' ; add the mineral particles, 
and let the these together with the pan be determined 

both in air and water (6 and o'). Then to = 6 - a, and to' = h* -o', 
whence Q can be worked ont as before. 

Hr. Smeetb* has devised an excellent modiBcation of this 
method, whiidi avoids all risk of loss by the dotation of small 
grains daring immersion. The pan is partly frUed with vaseline, 
which is melted after the mineral particles, already weighed in 
Air, have been laid upon it The mineral thus sinks in and is 
completely covered. The difterence of weight in water of the 
pan and vaseline, and the same with the mineral added, gives 
the weight in water of the mineral powder used. 

In the case of substances soluble In water, alcohol, turpentine, 
or carbon tetrachloride can be used. The figures are worked 
out as usual, but the result must be multiplied by the density 
of the ^quid used, which may Joe determined by comparing the 
weight of a vessel filled with it^preforabJy a specific gravity 
bottle — with that of the same vMsel filled, the same tempera- 
tore, with distilled water. 

The use of the specific gravity bottle involves appliances of 
some delicacy.f The bottle should be small, to suit the probable 
amount of material to be used; a 25-gramme fiaak is large 
enqugb. Fill it with ^tilled water, insert the perforated 
sto|^r, and wipe off any water that has flowed over. Plage the 
powder^ or frv^entary .specimen on the pan of the balance on 
a scrap of smooSi a oounterpom to the paper being laid 
in the other pan. wei^ thus in air (ic). Kow place the full 
bottle beside the specimen in the pan, and determine the joint 


*Frcc. (^A€ B 091 U DMn^Soe., voL vt (IdSSj, p 61. . 

t For refined wo^ see Berkeley, Jfils. ifoc., vol xL (1807), p, 64, and 
Hilfebrtiid, Fuff. U.B, QteL Anr., Ko. 806 (1006)^ p 48. * 
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weight, a, ^ Tnuufer the ipecimen to the bottle, remove bubbles 
ffitb particalar care, replaro the stopper, wipe, and weigh again 
(5). ^e weight of water displaced bj the specimen == a - b, 

ThenO - 

a - 6 

The iustrument known as Nicholson’s aneometer or hydro- 
meter is described in ever^ text^book, and, with a delicate set of 
weights, gives &irly accurate results. A more or less tubular 
hollow metal body, closed at both ends, bears a weighted pan 
at the lower end, and a second pan at the upper end, supported 
on a thin vertical rod. The instrument floats upright in water, 
but must gink only so far as to leave the greater part of the rod 
above the sur&ce. A scratch is made on the rod^ well above 
the jKtrface of the water, and weights are placed in the upper 
pan until this mark is brought down to the water-level. Let 
this weight be Ow The observation is best made by looking up 
from below through aide of a transparent vessel, until the 
|cratoh just appears and disappears as the instnunent sways 
slowly in the water. The specimen must be lighter a, and 
is now substituted for the wei^ts in the upper pan. Again 
add weights {b) until the mark comes down to the water-level 
The weight of the specimen in air (ic) = a - b. Kemove the 
weights, and place the specimen in the lower pan. A greater 
weight than b wUl now 1^ required to bring the instrument to 
the standard position. Let this weight be c ; c - b = the weight 


of the water displaced by the specimen ; hence, G = 


w 

c “ 6‘ 


Undue swaying of the instrument and immersioi^ of the 
weights may be prevented by covering the vessel with a card- 
boara or wooden plate, the rod coming up through a broad slit 
Apart firom the fimt of its requiring a box of weights, and an 
inconveniently lai]^ vessel in which to float it, the armometer 
scarcely competes in convenience with other simple instruments 
now in us6.t 


First among these comes an appliance resembling a steelyard, 
invented by Mr. William Walker, of Dundee, and described by 
him in the ^^olopicai Ifa^caine for 1883, p. 109. Its popuUrity 


merit it genwaUy omitted in the instrumeiitt sold, and has to be 
Ml oa by the porobeaer. The moat aocorate reeoltt an obtainable when 
the tiiikiBg-weight is above 15 gtenunea and 10 grarmnet or ao of the 
•peoiffien oan be used* 

t On this point aee Prof. J. W. Jodd, ** On the rapid determination of the 
SpeoiflaGravityoflCnerakandBooka** Proe. Om dMoadttb9i,ToL v^., 
n2Sa 
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has turned for it the name of Walker’s balance) and it remiuns 
at present the niost convenient and portable instrument of which 
tiie geologist can avail himself. 



Fig. 6. 


The sUel bar, A, in fig. 5 is supportfid in the rest, B, by a 
knife<^lgo piece fixed tlirough it alwut 3 inches from one end. 
The remainder, some 18 inches long, is graduated into inches 
and tenths, starting from the point of support 

The short arm of the bar is^ notched upon its upper surface, 
and a heavy weight, 0, can thus be bung from it at a variety o[ 
distances from the fulcrum. 

The long arm passes through a loo|>ed upright, D, which 
checks undue swinging, and, by a mark scratch^ on it, servos 
fb indicate when the l>ar comes to a horizontal position. 

The specimen, which may weigh several ounces, is hung by a 
cotton thread, a loop of which |>asses over the long arm. It is 
then slid along the arm until it counterbalances the weight 0, 
which has In'en su8|>ended near to or far from the fulcrum, accord* 
ing to the weight of the specimen used. 

Whep the bar indicates by its swing that it would coiiio to 
rest in a horizontal position, the reading a is taken ; t.c., the 
distance fi'om the fulcrum of the }K>int of suspension of the 
specimen. 

The weight 0 is kept in the same [>u.sition, and the s{>cciiauti 
is immersed in a tumbler of water ; to restore equilibrium, the 
specimen must now be carried farther out along the beam. Let 
this new position be b. Then, a and b being, l)y the principle of 
the lever, inversely proportional to the weights in air and water 

respectively, G - 

The results are accurate to the first place of decimals, and 
often compete with the ordinary balance in the second place ; 
while for mineral or it>ck specimens of a fair size they may be 
held to be entirely satisfactory. 

The earlier torms of the instrument had a spare bainD^r>head 
as a weight, a shall being also suppliod This hammer might bo 
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used aod worn down without affecting the value of the 
results, since all we require is that 0 should be the same 
in the two experiments made upon any one specimen. The 
division of the bar into centimeti'es and millimetres will 
give more delicate readings and also a useful scienti£c scale, 
'rhe supports are made to unscrew from their bases, and all 
is packed away into a light box, which, for travelling, can be 
reduced to a baise wrapper with pockets, such as is often 
used for tools.* 

Early in the last century, Lukenst used an equipoised beam, 
suspending the specimen from the shorter and thicker arm, and 
running a weight, which might be a smaller suspended specimen, 
along the other and graduated arm to restore equilibrium. 
Coates I proposed a similar beam, in which “the shorter end is 
undivided; but on the longer is inscribed a scale, of which every 
division, reckoning from the extremity of the lever, is marked with 
a number, which is the quotient of the length of the whole scale, 
, divided by the distance of the division from the end. Thus at 
half the length is marked the number 2, at oue-third 3, ckc. 
Also at two-thirds the length is marked 1^, at two-flfbhs 2|, 
(fee., . . . the pivot of the instrument represents unity, and 
a notch is made at the further end.” Any convenient weight 
is hung by a hook from this notch, A ; the specimen is slung 
from the other arm by a horse-hair or tliread and slid along till 
equilibrium is attained. The reading AB, where B is the ful- 
crum, is obviously constant for all exjieriments. Immerse the 
specimen in water; slide the small weight fr^om A towards 
the fulcrum B; let this reading in water be CB; then 

A B A B * 

^ ” AB — C B ^ A~0' gr^uation adopted gives this result 

at once, for we have only to read tlie figure coincident with the 
point C. 

Dr. J. Holms Pnllok has independently devised a very small 
and portable balance on Coates's principle, which is made by 
Messrs. Baird Ji Tatlock, London, for IBs. 

In Mr. R. Parish’s balance, § two p^sare hung one* above the 
olh%r from a fixed point on erne arm of the beam, the lower pan 

* Walker's balance ia mode by Mr. Q. Lowdon, Refonu Street, Dundee. 
Price 31a. 6d. 

i PhiiofophiccU Ma^azine^ vol. Iviii. (1821), p. L08- Frum JawrH. qf 
Acad, of Nat. ScteHceSf Philndelphia, vol. i., Part 3. 

♦ lbid*$ p. 109. From same source. 

S .^^taricaut/oam. of Sckuct^ aor. ill, vol. x. (1875), p. 352. 
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beiiiff immened b vOer. Hie beeo it than ^mpoied e 
amw aUding wei|^t, oleiiiped by e aorew, working on die arin 
diet been the pene The fpeemen ii leid in the upper pan, end 
belenoed by the addition of e light pen, into whuih auffieient 
aend is ibrovii, suspended from the p^t oorrei^onding to A in 
000160*8 instrument The qiedmen is now tnmsferred to the 
lower pen, end the bdenoing-pan is slid inwards, cere being 
taken not to disturb the send. The reeding now mede gives 
the speoidc gravity without eelonletion, the grMuation being on 
the plan employed by Ooetee 

One merit cl this instrument is that fregmentery meteriels 
can be determined, as no suspending thread is required ; but in 
practice it is prob^le that the results obtained by It ere not 
superior to those given by Welkeris belenoe, while it is more 
complicated in construction. 

Trot dolor’s apring-belence or Fedarwage U, however, simple 
end yields excellent results. A long brass spiiel spring, which 
may be exchanged for one of greeter delicacy if the specimen is 
exceptionally smell, is hung a sliding rod, set in a pedestal* 
some 3 fret high* One end of the spring may thus be Drought 
5 fret above the table. The base of the instrument is pierced 
bg three levelling-screws, and a long slip of looking-gla^ with 
even graduations mark^ on it, is let into the free of the 
pedestal. Two light pans are hung, one below the other, from 
a wire hooked to the lower end of the spring, and on the wire is 
fixed a little bead, acting as an index. 

The lower pan is sunk well in a tumbler of water, ^e supp<»rt 
of which can be slid up and down the pedestal ; and the sliding- 
rod is carried so hi^h that the pans come to rest somewhere 
opposite rile uppr divisions on riib graduated mirror. Looking 
along the top or the index-bead untu it appears to coincide with 
its ifflSjge in the mirror, the position s, of the spriiig is 

noted, in terms of riie fine graduatiems us^ It will be seen 
that this readiim corresponds to riie determination of the sink- 
ing-wei^t of the armometer, only in riiis G$§e the figure will 
va^ aocordiiig to the a^justmeftt m the spring at starting. 

Aace the speeunen in tbb upper pan, having previously drawn 
the tamUer to a lower pomi^n to avoid the wetting of both 
pana B«s4|ust the tumbler until the pans swing freely and as 
mndi ci the loirar smpendiiig-wire is immersed as before^ Take 
a seoond readings h; then fi - a « w, the value in air. 

Tnuufrr the qweimm to the lower pan, and rea^ust The 

new resdiit|^ ^ wt& be ie|i than 6^ and 0 ** 



iOMi ramoAL OHiftiOTtBs Of KnniBAu, 19 

wioiuitoble for trBTeller^ (ihk ouikes «a admm 
Ul>or»t^*i]iftrameBt^* and, the reedbiga being merely p^opo^ 
tionaly the utility of the ipring as a weij^t-meaBorer la not 
affect^ by expansion doe to dia^e of dimate. 

We mi^ oondode the present seotion with an aoooont of the 
nse of dense liquids in detOTmining tiie epecifio gravity of minenl 
partioiee. If a aolotion of known density is to hand, and a 
speeimen, though it has been completely freed from bubbles, 
rati upon tiie surfoce, while others smk with more or less 
rapidity, some idea of their relative spedfie gravides may he 
obtain^ 

Further, if the liquid ia diluted until a particular specimen 
swims about in it and remains sluggishly whoever it is placed, 
the liquid and the mineral will be of the same specific gravity. 

That of the liquid may be determined by throwing in a 
series of spedmens already determined, until one is found 
that will neither float nor sink to the bottom ; or by 
suspending a weight from a chemical or Jolly's balance^ 
and comparing the readings given wlmn it is immersed in 
water and in the liquid respectively. Prof Sollas (“Gran- 
ites of Leinster,'* franaaetwM of Ao Royal /ruA Atadmy^ 
vol. xxix., 1891, p. 430) has even employ^ a minute hydi^ 
meter. 

This method of determining specific gravities, which can be 
used even in the case of very sm^ specimens, waa brought into 
prominence by Mr. £. Sonstadtf as recently as 1874, and baa 
since been lar^ly utilised. 

SonsUdt^s Nation consists of a saturated solution of potassium 
iodide in water, in which is stirred up as much mercuric iodide 
as it will dissolve. “ It will then dissolve more iodide of potea- 
sium, thmi mmre mercuric iodide, and so forth. The iodides dis- 
solve very slowly at the last, and as it is best not to aooelerate 
the solution by the application of heat, ooariderable time must 
be allowed ^when a liquid of maximum strength is required. 
The solutioi^ after filtering, is fit for use. ... It may he 
dilated to any extmit, and then concentrated by heat, without 
inj||)iy/' The density obtainable fidls just short of 3*2, 

and is about 3*17 in hot climates, these figures b&ig higher than 
those first given by Sonstadt. 

hk ai^tion to its use in determining speeifio gravities, Son* 
stadt pointed out timt his solution would serve to separate 

* Sapplisd by Krsuta RhotuistiMS Mmeralien-Contor, B<mn, at 17a 

t 'ANsw Ms&od of Mist Spooifio Qraritlst,'' Okmkal vol. xxix., 

p. Ift. 
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minenJ pariicles of one kind from others with which they might 
be mixed, aa in the case of diamonds ocoarring in quarts sand. 
This application has been so far extended by Thonlet in France, 
and Goldschmidt in Germany, that the solution has often been 
named after theee workers instead of after its original dis- 
coverer. 

Bohrbach's * solntion of iodide of mercury and iodide of barium 
has a density as high as 3*588, but decomposes on addition of 
water, uid must be reduced to the density required by a specially 
prepared dilute solution. Neither of the foregoing liquids are 
satisfactory for the traveller, or even for laboratory use, on 
account of their dangerously corrosive and poisonous character. 
They have been largely superseded by the solution of borotnng- 
state of cadmiimi, first prepared by D. Klein, f and now very 
widely used. This is also a pale yellow liquid, with a density 
of 3'38 ; it can be dilated with water and again oonoentrated by 
heating over a water-bath until a hornblende ciTstal just Boats 
upon tiie sur&ce. Any overheating will cause the salt to 
crystallise out on cooling down, when a fresh dilutioa will bo 
necessary. Though poisonous, the borotungstate is not irritant 
like the mercury solutions; it can be carried about in a stoppered 
bqttle in the solid state, and dissolved in distilled water when 
required. A few ready-made solutions of known density, kept 
carefully stoppered, will be very useful in the discrimination of 
gems. The only objections to this liquid are that it decomposes 
carbonates, so that specimens before use should be treated with 
a mild acid ; and tl^t it tends to crystallise readily ^n the 
stoppers of ^ttles or the glass rods used in stirring. The rods 
and vessels used should always be washed with distilled water, 
the resulting very dilute solutions being kept together in a bottle, 
to be concentrate by evaporation when time allows. 

Another liquid that is of great utility has been brought for- 
war«) by B. Braun&J He uses methylene iodide, which must 
W diluted with bensene and not with either water or alcohol, 
and which, to preserve its pdo straw-colour and transparency, 
must be kept as much as possible from the light. When it has 
become darkened as must eventually happen, the colour can be 
restored 1^ putting mercury or copper filings into the bottle And 

* Item* JahTimeh/Str Miwraiogk, , 1883, ^ 1 SB, 

1 CompUi .AleitdM, tome 03 ; Auguit 8, 1881. The eolation, at max imam 
densi^, is aokl 1^ Jf arqwrt, of Soon, at about £3 per kUogmmme. On 
its manufacto^ see W. Awards, Qeol. Mag,, 1881, p. 273. 

i Neilsi|flK^/£r Mineralogkt c&e., 18M, ii. p. 72. The liquid 
is s^ by enmimd dealers at about 4a per ox, i^ree or tour ounces being 
a hm quantity to begin with, • 
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shaking the whole together for a few minutes. This liquid, from 
its not crystallising when concentrated by evaporation^ is very 
clean and ^^reeable to use, but does not seem so adapted for 
researches made beyond the reach of laboratories as does the 
borotnnntate of cadmium solution. Methylene iodide can be 
prepared of a density of 3 *33, which gives it a farther advantage 
over all but Bohrbacb’s solution. 

J. W. Betgers has shown how methylene iodide can be raised 
to a density of 3*65 by dissolving iodoform in it and afterwards 
iodine.* He otHises for the extraction of rutile, from other 
heavy minerals various nitrates, which become liquid at about 
70* 0., and are as dense as 5*0 (see p. 120). 

Herr W. Mathmannf proposes the use of acetylene tetrv 
bromide, and shows how it may be very cheaply prepared. It is 
diluted with benzene, or, as Mr. G. B. Lindsey i^orms me, still 
more conveniently with petroleum spirit, known commercially 
as deodorised benzene.** Its maxininm density is 3*01. 

Hr. Scbroeder v, d. Kolk introduced bromoform — density, 2*8i. 
It is diluted with ether or benzene, and has the merit of cheapness. 

It will be seen that the dense liquids named will serve, by 
prO|)er dilution, to determine the specific gravity of most of the 
rock-form ing minerals, though they mostly fail to discriminate 
between garnet and ruby, topaz and diamond, &c. It may be 
noted, however, tliat beryl will float easily in a solution in which 
green tourmaline sinks, while the great mass of gems can be 
divided off by similar observations from quartz and other worth- 
less matter. The specimens tested should be examined with a 
high-power pocket-lens or a microscope in order that their 
purity may be guaranteed; and it is obvious that abundance of 
enclosures, solid or fluid, will seriously afiect the results. 

Undoubtedly the happiest development of the method has been 
the diffiision-columu invented by Prof. Sollas.l A small test- 
tube, say ;|^ inch in diameter, is half-611ed with the liquid at its 
maximum density ; water or benzene, according to the dense liquid 
used, is then poured on the top, no special care being nece^ary. 
The tube is set aside for twelve hours or so, by which time a 
column will have been produced by diffusion, the density of which 
inci^ases regularly downwards. Indexes are dropped into this, 
either in the form of mineral fragments of known specific gravity, 


•Nnu»Jahrb. fiir Min., dx., 18S0, ii. Band, p. 185; also Min, Mag., 
vol ix. {1890), p. 46. , 

\jStiiKhrifi/ur Krggtallograj^ie, Bd, xxx, (1899), p. 73. 
iyoam, H, Otol. See. Ireiam, vol. vii. (1886), p. 35 ; vol. xlliu 

(1891 Up. 404; and T. Ik La Touche, ihld., vol. liii., p. 199; also iftid,, 
rol. xTix., p. 211. 
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or of glMs bewU ; tbe Iftttor, m ooburod bi^To « ooa- 

si^eimUe rukge, and mmj b«TO their densitiee d^rmined in a 
diffimon-oolnmn tide by side with Khown mineral indexea. These 
indexeSi beads being the most oonTonient) float in the difflHion- 
eolnmn at levels corre^odiiig to their ape<^o gravities; heflce 
thedenai^ of any mineral fliagment dropp^ into a ^olnmnmay be 
found by measuring off the distance between known indexes 
whieh lie ren>ectively above and below it| iwd alao measuring the 
distance of w mineral foom one or other index. The matter ia 
merely one of simple proportton» and the lame column can ^ 
used for many fragmentii and in expeiimenta exten^ng over 
aeveral daya Bven doaely-allied fe^iars occurring in a ffne 
grained rook can be aucoeaafoUy diatinguiahed by thia method, 
air. La Tonche baa devised an aocnrate mode of measurement) 
by drawing a thread horoontally across both a graduated muror 
at the side of the tube and the tube iteelf; this thread is carried 
by a sliding piece of metal, fitting round the wooden aupm>rt in 
which the tek^be is fixed. The graduated mirror ia fixea yerth 
cally <m the support at one ude of 8ie tube, and ixmtion of anv 
object in the liquid is read off by making the Uireaa coincide wiu 
the centre of gravity of the obiect, the reading being^given by the 
division cut by the thread when the eye views it as coincident 
with its reflection in Uie minor. The note in Nakire reforred to 
contains figures which wiH show the detuls of oonatmction. In 
many cases a millimetre-scale, held by the hand against the aide 
of the tube, will solEce as a tneaus of measurement. 

Prof. Sollas points out that even gelatinous predpitates, if 
left long enough in the liquid, will lose their water and will 
sink io^etr proper level. 


CHAPTER \V, 

sianx mm wm wxr BXAonni. 

Thi teat of flOlnliKtr la water may be important in agriofllture, 
where miseiid salts of potassium sre iqqmed to ^ land# l%e 
teste Ilf ieteii|>ineralff as rock-salt, nit^ Ac., is ohmaoterittloi 
TfaelS^soteh^te mUs has been v«y freely i^ed to 
Binsf^ihottidk fssuite vatying adOordukg to the stre^^th 
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of the acid^ the temperature employed, aud the time allowed for 
the attack: Hydrochloric and salpburic acids are those most 
commonly required; nitric Md may be useful if to band. 
Yai^hs forms of stop^red bottles enclosed in cases with screw- 
caps have been devise to meet the requirements of the traveller. 
It is well not tn k^p a small sulphuric acid bottle too. well filled, 
on scoo^^nt of the Ughly hygroscopic character of the liquid. 

The mineral to be teeted shoula be roughly powdered and 
pkmM in * snial^ test-tube, a few drops of acid being poured 
upon it Water should be added, since solution does not always 
we place in the concentrated acid. The results may be noted 
both in cold acid and after boiling. In all cases the time of 
imn^ersion in the add and the other conditions of the experiment 
should be noted where compaiison is desired As these fimts are 
rarely ainted in books on mineralogy, typical tind known 
specimens should be oompsred with the doubtful one under the 
same conditions. Should complete solution take place, farther 
qoslitatire tests mar be applied 

Some silicates are decompwed by boiling in hydrochloric acid, 
particularly thc»e that are hydraW or with a low percentage of 
silica. The silica separates either in a powdery or a gelatinous 
condition, the jelly of silicic hydrate beii^ often well seen aftew 
pmrti^ evaporation and cooling of the liquid The mass clings 
to the tes^tube, but may be removed by boiling with a strong 
solufdon of sodium carbeu^te. 

Good examples for observing this gelatiuisation are natrolite, 
nepheline (or elsolite), wollastouite, and ilvaite. The great ma- 
jority of olivine cryst^ also gelatinise eaisily, and may be thus 
distinguished from tUopside, which is not decomposed. * 

But it must be remembered that the greater number of natuial 
silicates ara not decomposed by ac^. In such cas^ it is neces- 
sary to determine the silica as stated on p. 63. 

The commonest and most important use to w^ich ^ids are put 
by the geologist is, however, in the cxaminaLtion of carbonates. 
A free ^ervescence occurs, carbon dioxide being given off, 
when a carbonate is placed in hydrochloric acid. The acid 
should be slightly diluted, and in many cases must be heated 
beforcHhe ration will take place. Sulphides of certain metals, 
as sino^ lead, and iron, are decomposed similarly with evolution 
of bubbles of sulphuretted hydrogen; but, provided the mineral 
examined be itself free from included sulphides, there is little 
dan^ of may confusion being caused. The smell of the sub 
phuretted hydrogen is, moreover, noticeable, even amoi^ the 
nimes of the hot acid. i 

3 
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!nit lie of lh« om<tboiae in ^ Aoki ittdtf b Umilod, 
owing to tha^ooramnoi of dolomiW and otilior cnrlK»iioi wlddi 
do not oiiMrTeioo until honied. Dolomite b this often oyo^ 
looked, end eome hmtd dolomitee hoTO ei^ bemi ro^bd u 
qnnrbntei on noeonnt of theb non^foreesmue in oold ho^ 

In 1877 Dr. SL Omhigton B<dtM lead h pnner nning the 
me of «gub tiidi in tiie emadnetioii of minMiIi,* nni in thb 
and enh^nent pnblbntiQiii he hm deofleibed n aeriee ^ rery 
annBBiafhl eaqperiwmti^ ahowtng that in parttmilnroitrb^ Inrtnrio, 
and oxatte decompoeitiona fiir which l^dioehlorio 

acid haa generany been thoof^t necewbry. Cltrb aoid may 
thna be earned aboat In a mSd ftm, a aatnrated oolntkn in 
cold water may be made at anybme, wad the ordinary teab Ibr 
the preeeiMe of earbon dumde, or Mdfdmr in oertain aolph^es, 
may be perbimed with tbia, hot or oold, in a tert-tnbe. Some 
ailioatea are deoompoeabl^ with or without gelatinbation, and 
in many oaaee tha eolation doea not reonira to be heated. 
Ordinarily a rather longer time mmt be allowed tat tiio action 
of the aeui than b the caae with hydroohlorie add. 

Dr. Bdtatt haa tabulated lb reaalb with dbb aeid, whbh b 
the moat naaftil reagent; t (m employs abo a boOing solntiott of 
'eitrio add to wMdi sodium nitrmte b added, and Wtatea the 
reaettons of hydroehloric add by intiodedng iodine in the form 
of potaadnnr iodide, whidb biieeompoaed by the hot dtrio add.} 
The nine of theae reanlts obnonaly oomista in the foot that the 
leageata are aoHd, and are diwolvea <mly aa reqnired* 

man the aerbe of minerab wramiiied we may quote the 
following 


DwMyeaad tn INm Fcatdtt oSatmM SoMo^ ofCUrieAeid, 

A. IfitkmU eeoliilion qfpar.— Bradte (cold aolntiott). Oypmm 
(onlM^> 

R Wm mMon qf earien dbajcfo— Oaldte and amgoiuta 
easily in odd aolnilonf ddoadte and ankerite for leaa eadly; 
ebd^llte and magnedte miy on bdibg. It mnat ba^ noM 
in for eaiwMb wiMi hot dtrb aeid tint the oxides 
ef UMbqsiniie (fonmnumnite,' pyrolndby maagsaits^ pstto* 

tha ^ V*^~Trff[r 

ir iae for l^aad 

mt 
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End wad) evolye i^bozt dioxide by decompogition of 
the eitrie add ; bnfc the oharaoter of these miuerak' la not likely 
to a^ow of oooMon with carbonates. 

. 0, Wiik ^voiuiipn^qf nUpkureiUd hydrQgm.^--- 09 laiB, dnc- 
blendi^ and p^rrhoti^ in eold solation. Lron pyrites resists 
until bcdN w^ oitiie add and sodium nitrate, vlum it readily 
deeom|M)ne8, whether In the oalao or rbombio (marcasi^) finm 
Cbppe^yrites requires almiltur t^^ 

JX Wuh 4^pmtmo9k of atHdt.»-£te|)heliBe, analdme) stiibit^ 
and woUastonite ^ield^ca in a odd solation (long standing is 
desbRal^)i becMMmng partially decomposed; natrolite and hemi' 
moij^bite are decomposed with gelatinisatioa. Serpentine and 
ilvaite are deo^posM only on hiding, without gelatmisation. 

Olitine^ augitei efddot^ almandine, mid hmnblende (slightly) 
have been deoompo^ by boiling the solution and adding potas- 
dnm iodide. 

£. Among the siMisitiZs UuU are noZ decomposed by the above 
attaok% we may quote diopsideii asbestos, zircoii, idoorase, zoisite, 
the micas, leucHe, sphene, tolc^ the felspars, barytes, celestine, 
and anhydrite. 

In testing for ordinary limestones in the field itself we find 
that a little of the powdered citric acid may be shaken from a* 
tube npcm the rook-surfoce ; an area about an eighth of an inch 
square is ample for the purpose, though of course the test should 
he apniied to di&rent portions of the same mass. The additimi 
of a arop of water prwuoes almost immediate efieryesoence if 
the material is tnuy oaloii& The hubbies formed can be 
curved with the lens or the eye alone. In the case of loose 
firiable rooks such as chalk the reaction is very brisk ; hA with 
cryst^ine^ marbles a minute or so should be allowed. It is 
olear’th^ m roagh hiU-wm^k it is better to carry a flaak of water 
and the dryoitric acid than to risk the fracture of a bottle of 
hydroohlotie acid in thenocket. 

Just as, by the md of tne blowpipe, the geologist is accustomed 
to perform many qualita^ye opeiations with a very limited 
sup^y of materi^ so a number of wet rations fonnliar to the 
chemist may be repeated upon quite % microsoomic sosle (see 
.^tite, n. 67h Pecomposame compound!^ calcium nmj ^us 
be ter^ted w|tii hydroehlom amd ttp<m a imlrooooptc slide | the 
addition of a drop sulphuric acid to the soliltiim throws down 
of gypsum in^^iil bunidies or still more ohambterlstio 
can be examiimd at 

^ ittdee^jbew^ti^ipecasl tod will 

li^ditatelw^detm el. the 
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wiUt which a geologist is often upon to deal. Bat for 

detailed accounts of the various meth(^ put forward, the 
student may best refer to A Manual Mierocksmioal Analym^ 
by Prof. H. Behrens, with historical introduction and references 
to previous literature, by Prcrf. Judd (Macmillan & Co., 1894), 
A second edition of Behrenses AnleUung iur tni^rocAsmueAen 
Analyta appeared in 1900. Many of tiie processes are rendered 
more difficult would at first appear by the great care that 
must be taken as to tiie purity of the reagents us^. 

Two tests of especial advantage to .geologists have been 
introduced by Messrs. Meigen and Lemberg respeotively. The 
former* distinguishes aragonite from oalcite by boiluijg the 
coarsely powder^ mineral for a few minutes in a solution of 
cobalt nitrate. A cold concentrated solution diluted witii twice 


its volume of water, and boiled for three minutes, gives good 
results, though considerable amounts of calcite may be masked 
by aragonite associated with it Aragonite precipitates lilac-red 
bade cobalt carbonate, while calcite remdns white, or toms 
yellowish if organic matter is present. If finely powdered, 
calcite becomes violet like aragonite, in dilute solutions, and 
blue in concentrated solutions. Witherite behaves like aragonite ; 
^ strontianite turns blue ; magnesite and siderite give no reaction. 
Apatite gives no reaction, though chemically prepared trioalcium 
orthophosphate turns a strong violet. 

Lemberg t dissolves 4 parts of aluminium chloride in 60 parts 
of water and adds 6 ]»rt8 of logwood- Digest and stir for 25 
minutes. Filter the solution thus produced, which is coloured 
a riclv violet by the hsmatoxylin. Small fragments of calcite 
Idt for six or seven minutes in this solution, and then washed 


with water, are seen to have become violet, through the deposi* 
tion of aluminium hydrate, which takes up the bmmaioxylin dye. 
Dolomite, on the other hand, remains colourless, and, even after 
ten minutes, shows only a few bine spots. Brucite remains 


similarly very Ittile altered. 

lie roregoing tests may be applied to thin sections of rocka 
Brucite may be heated, even in a thin section, on a platinum plate 


until its water is driv«a off, and then, on cooling, may be treated 
ailvor nitrate. It precipitates brown silver oxid^ wmie cal- 
dolomite^tmd magnesite give no reaction. F. Hinden (Oeol* 
ZerOra&laUt toL iv., 1903, p. 68) distingnisbes Mween calcite 
and dolmnite by a solution ol Iron chloruU. Oalcite is attacked. 

•Ctorfmaioll fBr Jfia., 1901, p 677, snd Ber. lurtw/bneA, OeieU. 
Pn&mrg i. Br., Bd. xv, (1997), p. 90. For pMOMticmi, sea /(ffinstoa, Am, 
•foaiw. jifli, val- xU. (1016), p. 4^, v 

+ dfr dettCwA. gtol, Qudl,^ W. xi. (1888), p. 867. 
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CHAPTER V. 

EXAHIKATION OF MINEKAL8 WITH THE BLOWPJPB. 

1. Apparatus and Reagenta. 

Ho geologist can consider himself equipped for determinative 
observations until he has systematically examined a series of 
typical minerals with the blowpipe and with associated tests. 
The instruments and reagents required are few and simple, and 
may be had from chemical dealers ^umked into boxes of very 
moderate size. For purely qualitative determinations, such as 
are here described, the following apparatus will probably be 
found sufficient 


A. Apparatus 

Blowpipe. — Black's form in brass, with its conical tube, or 
preferably Plattner’s, in which the i>arts are usually better 
made ; both ai e convenient instruments. Some workera prefer 
an expanded mouthpiece to the ordinary tubular one of bone ; 
but this is much a matter of opinion. The nozzle is &r more 
important than the mouthpiec^ and its apeidiure should be 
cleanly circtilar and not too large. As sold, this generally 
requires adjustment. The end of the nozzle, whether brass or 
platinum, should be slightly hammered over, so as to contract 
the aperture ; this should again be enlarged by thrusting a large 
pin or needle through it, any metal projecting outwards being 
removiU witii a file. Examine with the lens, and r^>eat the 
operation until a perfectly circular opening is product The 
size may vary with individual requirements, but probably few 
work^ will need an aperture larger than this dot ( • ). 

A platinum nozzle, costing about three shillings extra, may be 
added to any blowpipe, and, besides being clean, can never cause 
oolouratien in the fiamA 
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— Kowpipe-lamps are ao ocuTenien^ beiog ttiiaiioaiD> 
with tabii that the bm of gas ia vm w^k ie a 

ns7 qaestioxial^ Inzatj, Whwe^ howemj gas ie obtiiiii^e» 
the oroutary Bmueii-lmnier eervee all porposoik The aii; beiag 
aHniittod bdow, it providee a (dean flame iw the heati^ ^^ glaee 
tabes and for oboerfing the oolourstioii dae to volatUe OKkles; 
with the ilrMee ao^ the flame redneed to abost 1| 

inches m hmgfatk it gives a lominoas eons that oaa easily be 
maaipalated bj the Uowpipe* 

A brass tabe, fiattenM at the top and oat off olduiuely 
(fig. 6), should he dropijed into the ordin^ Ban8eii4abe 

above^ preventing the aooess of air by iiifroai^w the 
jet mhm the gas entors, and at tiie same tune givmg a 
flattened flame above, the blowpipe being directed along 
the slit4ike opening. 

AJIiere gas cannot be had, anj simple apiritdamp, or 
die colonnees blowpipe-flame, wiD serve for boiling 
specimens in acid, he. Pie blowpipe-hunp maj bom 
oil, and be provided witii a serew-cap for travelling. 
The wiek should be flat A small-sued qyelist's head- 
lamp is not nnsdiable, ai^ in its ordinaf^ esse, it can 
be upright and ntOfoei as a lanie^ Olive or 
rsfiaea oolm ml is recommended for blowpipe work. 
By for tiie best lamps, however, where space u limited 
and things have to be easih stowed away, are tboee 
filled witii grease or eolid paraffia A little ^lindrical box of 
tin has a wkk’hxAder soldered cm one side, through which a 
fiattened wick is drawa Pie box is then fill^ by melting down 
cfld oandlemid%or in m other convenient way according to the 
materials availahk, When broagbt into use, tiie wuA is tigfated 
and the flame directed witii the Inowpipe opon the sarftoe m the 
solid tdiow, nntil tins is melted to a depth of abont a quarter of 
an incdi. Pie lamp will then become hot enoo^ dmi^ ose for 
a eontinnona snpw to be maintrined; bat it is stiB better ip 
hfdd the lamp the {dievs over the indritriamp ontil all 
the eootenti become floid. When aboot half or tiireaqoarteri 
SBpfy, U is wdl to ^pp hi axtra lamps of fiiel— a single oandle* 
SM or ab^ariag om^ and this aaditional material fieoooief 
msltad vp sbwly #ith the rest The wick most be freely 
sopplisd flm fod, or h will char and waste awav* If tiie 
lamp is ki^ soffioieiitly hol^ tiie wide will not reqime raising 
demg a day's worir ; bat it mfo easily be throst ap with a knifo> 
point after the Am hal been at work ^a fow nwuntei. 

A cyJiiiidhiml esp flti down vfon tiunai^ when pot aside, 
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and ftbo m » itaxid for it^ a little atop prqjeotiiig fn>m the 
dde of (he lamp and catehing on the edge of 
the iHTWted cover (fig« 7).* Mote elaborate 
fenoa of lamp nmu & aame principle bare 
becm Qonstmeted by variona makers. 

In the matter of combnstiblea, Mr. Attwood 
makee a vdWable enggntioik {Pradi^ Mnvpipe 
daaavHip, oi some ooontriea — the 

intenor of Sooth America, &r inatanoe — 
alcohol cannot be procnred except at a great 
ooet; bat aa crude apirita made from angar- 
oadh^ ke., are generally plentifril in saoh piMea, 
they aSbtd tiie^explcrer a good snbatitate for 
alcohol ee weO ac ^ owing to the presence of more carbon than 
pore alcohol containa Ilie apirita, however, contain some water; 
and after the foel ia about one-half conanm^ it is best to empty 
the lamp and fill again with fresh apirita.” t 
natinam Wn . — Twelve inches or so of wire should be kept 
on hand if mnch work is ondertaken, as it is liable to suffer from 
the formation of foiible alloya It should not be so thin as to 

tremble in the lumd, nor yet thicker than tbis line , so 

that it may not conduct away the heat too freely from an assay 
supported on it. One end may he twisted round in a ooil 'to* 
serve as a handle, or pieces 5 centimetres or so long may be 
fosed into handles made of glass rod. 

A strip or two of pl&tliuun fdl, 5 centimetree by 2, may be at 
times useful as a support during fusions; and a spoon of the 
aame metal, like a tiny crucible, whidi can be held in the fo^ 
ceps by a proiectmg tongue, forms a handy accessory, theugfa a 
luxury, li the nlatinam, after use^ does not become cleaned by 
hot watmr or acid, a little bisnlphate of potash should be fused 
upon it, and dissolved off in hot water, leaving a perfectly clean 
soifiioe. 

GharooaL— This b used as a support for assays and as a reagent 
for their r^actdon. If ordinary (burred wo(xl b u^, it should 
be out into convenient jHrbms some 10 omitimebes long, with a 
section 6 cm. square, li should give little ash, and should not 
be llalde to split and crack suddenly during heating, ^newood 
is pieferred. The beat supports are made by rubbing Up finely-^ 
powder^ (barcoal in a mortar with foirly ^in startb ]^te, 
made wiib boiling water, until a stiff mass results. ..Thb ca^be 
moulded before drying into any suitable shape. The auppc^ 

*Thb dmpfo lamp Is ewpfbd with tbe.bIow]^pe-csbliiets of J, T* 
Utoher, Truro (or Burd k Wook, London), and is sold sepsntriy 
f Bxoeusnt work ean be dons with w ordinary oandb, e^^eeially a the 
flane ia diieoted korisootaQy, and not down upon the taUcrw. 
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when dry, ia heated just to redness in s crucible, to char the 
starch cement 

Good blocks prepared in this way, and of the size above given, 
can be purchas^ of oheoiioal dealers. Small cup-like supports, 
which are sometunes called “pastilles,” can be made by prMsing 
the material with a round-ended stick into a basin-sbapM hollow, 
about 2 cm. in diameter, cut in a block of wood. Flattner 
recoromends that boUi the mould and stamp should be rubbed 
over with charcoal dust, and that a strip of pi 4 >er be laid in the 
mould to &oUitate Uie removal of the eop when made. The 
little charcoals thus prepared can be easily dried and ignited, 
and can be supported in the flame on a ring of stout wire when 
finaUy brought into use. Where, however, encrustations have 
to be looked for, forming at any distance from the asssy, a pro- 
loi^tion of the charo(^ is rMuired, on the cool soiihoe of 
which they may be deposited. Thus in the case of arsenic it is 
well to have several inches of charcoal beyond the point where 
the roecimen is being heated. The long blocks already men- 
tioned are here of advantage ; but a support of unglased porcelain 
is sometimes used, the “ pastille ” being placed in a depression 
at one end of its upper surface. This sur&ce is smoked over by 
the flame of the lamp, and serves admirably to receive the 
Imerostations. The great advantage of this method is that any 
reagents absorbed cannot contaminate the charcoal used in su^ 
sequent work. The little onp is thrown away when done with, 
and a clean one set in its place. Larger obarooiUs must be cut 
or filed sway until a reliably clean surftu^ is restored. 

Rossi's aluminium plate, 10 cm. by 5 cm., and 1 mm. thick, ia 
also as a support, the lower end being turned up at an angle 
of 80* to curry the little charcoal, and the longer part receiving 
the sublimate. Many of the encrustations thus seen are fiir more 
vivid than on the surfaoe of charcoal. The plate can be cleaned 
with a wash-leather, bone^sh, and water,* 

For08pir~A pair of steel forceps with platiniim points is 
practically indispensable, so made as to be sw-olosing. A light 
pressure on the sides, at some distance fri>ia the heated end, 
should suffice to s^Murate the points. Splinters are held in these 
when fusibility is being tested; bat metallic-looking subetanoes, 
or any snspeoted of contiuning anenic, antimony, lead, zinc, or 
bismuth, shonld never be betted in the forceps, lest the platinum 
tip^ahoiild become fused. Small glass tubes can generally 
grimed by sudi forceps when placed behind the platinum points. 

Magnet.-— Any smsJl bar form. 

Anvil and Easaser, or Steel Crushing-Mortar.— A litti) square 

* Dr. Haaasl has med plaeter of Parti jilates, tbs advanUgei of 
which are daeoribed os p 05 . 
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annl of polished steel and a light steel hammer are rei^nired for 
breaking np minemls prior to the transfei'ence of the particles 
to the agate mortar for final grinding. A cjlindrical steel 
mortar with aoourately fitting pestle is of conrse still more 
conrement; bat moat cases of difficulty are met by the 
arrangeinent supplied with Letcher's blowpipeHsabinets. The 
mineral fri^ent is laid upon the anvil ; a little steel ring, 
about 7 millimetres deep, is placed round it, corresponding to 
the w^ of the onuhing'mortar ; and a cylindrical p^e, fitting 
into this, ia hammered down upon it 

Agate Mortar and Pestle. — A good size is 5 cm. in diameter. 
The pesUe may be mounted in a wooden handle, as the agate 
itaelfis likely to be small for the hand. 

Pli6rB.-^teel pliers are often useful for detaching fri^ents 
from specimens where the blow of a hammer would be disastrous, 
A cutting edge ia also of value. 

File. — A, small file, triangular in section, is required to cut 
up glass tubing and fw certain observations on hardness. 


j 111 M ■ I 
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imnittdiate w A diMp doable ooncaTe tou is ratbrnr to im^ 
ptorement apoa^ tb# orainai^ idnoe It wOF stand 

nrailyi «ad eitbersur&oeoaa m oaad. ^ 

PonejalQ Oialwk— IVo or three, about 3 cut la diameter and 
jfiairly d^ made to resiat heat lli4y should stand without 
sapportk era are invaluable for treating mineraU either in hoUing 
or oold acid For travelliiig they Ire far sowrimr to beakbre. 

Blae Glasi.— Three 3 und squares (d cobalt glass, of 
tbrnknesses, are required for ohaerviog some flame^oolonri^iis. 
A wooden blodc el suflSoient hmgbti wi^ a groove at ^‘top, 
will sapp<^ ^ between the eye mid the flame, and leave 
both hands of ^ opmwtor tree. Herwin’s colour -screens 
made of celluloid (0. Flint, Cambridge, Mass.) aiW osefal lor 
various flame-reaetions. 

B. BsAQBNm 

Boiaz.--Powdered crystals. 

Kerocosmle 8tB (hydrogen sodium ammoiiium fdospbate).— 
Powdered crystals. !n»se two dry reagents are used as flaxes 
on platinum wbe^ chartoterisiie ooloars being imparted by'hiauy 
metalHe oxides to the |^ass. formed on fosion. 

Osrhoi^ of SodL--Powdered crystals of the diy carbonate. 
*lliey must be flree £rom sulphur (see Sulphur test, p. Used 
to effect fiirions and rednotioni on charcoal, and as r test fof 
mtonnese. 

Iwttte of Cobalt— A solution the mystals in 10 parts of 
walor, kept in a stoppered bottl& Drops can bo tsken out with 
a rod or a tube drawn out as a mpette; or a little riass balb 

can be^nadc^ with a narrow neck. Inu b^ is beatea and the 
snek placed beneath the solution, a htUe of wUch enters ; os 
lebeating, so as to oonvert ^ water present into stems, and 
again immersing the neck, the bnlb bet^et neariy fiUad* /^en 
held inverted in the hand, tb<^air within expands and flimwa out 

S^F^RMhbrio AdA- Oonmtrated, in stopped bottle. 

Salplinifo AdA— OonosntrBted, in stoppm bottle. DUntion 
most be performed ouelhlly, ow^ to the heat evolved. 

In a«S a little of each m tbeee adids must be poured out into 
watdhgjtmei beaker^ nuoe wires, ka, have to be dipped in 
them, andt tba mam store in the hodle must be left absolutely 
unoontaiitoated. This preoantion is very shojde, but a warning 
<m pohit k <^ttoneoeaMry. 

TImU.— U sed to Iwliitate many fedncttmii, both in borax 
and in hydidlderie aeiA 
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Cppptr Wlra (some workers use cu^ic oxide).~-^UBed in 
iesting for cbloriiie, owing to its oombinEtion with the copper 
tnd the ooloar oonseqiteiitl j impurted to the flame. 

The following rengents are less important ; — 

TottMifUn Bhmlphate (KHSO^). — ^Powdered crystals in stop- 
pered botUf in some fosionSr 

nnor-spV^Fowdered Mixed with the above in testing for 
bormi hi the flame, but of donbtfai valae. 

Magneiim— The ordinary magnesium tape or wire. Used 
in teetiiig for pbospboim 

PeUManm Iodide tad Sn^hlir.— A mixture of equal parts. 
Used <m oharooal in discriminating between the encmstations 
dne to lead and bismuth. 

Siher Chloride* — Used to intensify some flame-colourations. 

Ooid. — In small beada Por determining nickel in presence of 
cobalt 

Mitrie Add*— In stoppered bottle. 

Awawnfaim Molybdlie. — Dissolved in ammonia and added to 
dilate ni^ add Fresenios gives the proportimis Ammonium 
moIVhdate, 10 grraa ; ammonia, sp. gr. *96, 40 cc . ; strong nitric 
acid, 60 oe. ; water, ^ ca For dk^on of phosphates. 

Bone-Mh^For use in cupellation (p. 66). 

Pael for the lamps must not be ne^ected when travelling. 


0. WoBKS OK Blowpipe-Analysis. 

0. Anwoon. Fraotical Blowpipe Assaying. Sampson low ft Co. , 1880. 
0. J. ftnOB and A L. PBtmxr.D. Manual of Deterniinatirfe MUieialogy. 
Wil^ ft Sons, New Yoid ; Chapman ft Hall, Londmi ; IBtb edition, 1914. 
(A remarkady dear wiwk, now without a rival) 

Vo.v Koseil. Les ICincraux (Frmidi edition by Fisani). Rothschild, 
FSris,4679. " (A book lOr the pocket, embodying mnch information.) 

PUTMBB. Qoalitatite and Quantiutive Analysis with the Blowpipe. 
Bdited by lUditer and OmAealey. Chatto ft Windus, London, 1876. 

W. A Bass. MaStial of Blowinpe Analysis. Sampson Low ft Co., 1850. 


n. Blowpipe^lperations. 

A. PaoDWcnoK of the Blowpipb-Flama » 

Distend the dieeks and breathe in and out oa usual by the 
nose. Now place the blowpipe between the lips, or tte trumpet 
moathpisoe agatnst tbMa. Senne of the expired siP' wiB pass oat 
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Um teb6> under preiiure firom the teiudou of the oheeks, end 
the remainder wiU pees out through t)ie nose. At short mt6^ 
vals the cheeks most be redistended in order to maintain the 
pressuret. . In this vaj a oontmaons blast can be kept ^ with- 
oQt inteiiering with &e ordinaiy aoUon of the Inngs. Praotice 
is all that is neoessai'y ; most of the difficulties that at Brst oooar 
are eansed by the endeavonr to force all the expired air out 
throogh tile blowpipe instead of by its natural exit, and by 
allowing the ohedts to foil in too for, so tiiat a sudden distenaion 
becomes necessary and the blast is momentarily checked, ^ 

It Is necfwmry in some redactions to maint^ a blast for two 
to three miaut^ but seldom longer, and, when tiie habit is 
once aoqaired, time makes little dmerenoe; bat saliva is apt to 
accumulate in the bottimi of tiie blowpipe during long blowing, 
and the expanded pari there must occasionally be emptied. In 
Fletriier's hot-blast. blowpipe, where the tube beorin|f the 
nozzle is coiled round so as to become heated above it in the 
upper pert of the flame, all moisture is converted into steam 
bemre it can reach the orifioe. This form of blowpipe is par- 
ticnlarty adi^ted for eflbcting forions and oxidations, but the 
hoi sur&ce of the tube is someitimes an inoonvenienoe when hud 
Upon the tahlcL 

For persons vriiose breathing is in any way affected, a hand- 
bellows may be nec^ssaiy, each as that mide by Fletcher of 
Warrington, which is a reproduction in miniature of the well- 
known foot-bellows, and gives a good ooutinnous blast But for 
travelling purpoees and allowing the operator every delicacy of 
control over the flame there is little doubt that the mouth- 
blowpipfl is the best 

When the blast can be produced without effort, place the 

nooxle just outside the flame of the lamp, directed along the 

wick or the slit-like orifioe of the gas-burner, mid almost resting 
upon it Ute flame i^uld be abrat inches high above the 

burner. Blowing Mmewhat gently, so as not to fom in too 



figA 


much air, the flame will be carried out sideways, preserving in 
part its luminous character. It may be broMly regarded^ itt 
foot, as a luminous inner cone {S, fig. 8^ surrounded by a thin 
cnveli^ of more highly heated and oxidised matter. M body 
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pUtoed well within a i« oat off from oontaot with the cater air, 
and J6^ if brooght near the point, becomes highly heated. The 
result is its twnoficn, the glowing carbon by which it is sur- 
rounded largely assisting in the remoTal of any oxygen it may 
oomUmt elthoDgh the heat must be sufficient to prevent the 
deposition of soot upon it The flame thos produced is the 
Beduotog Flamei designated by long tradition by the letters F. 

Kext place the noszle some litUe distance inside the lamp- 
flame and blow more strongly. The luminoos cone is shorten^ 
and almost disappears, enough air being supplied to effect the 
oxidation of the glowing carbon compoui^ The outer envelope 
now assumes importance, forming a long almost invisible cone 
(6, fig. S), which IS the Oxidising Flame, or 0. F. A body placed 
at the point of this, or, if the heat is sufficiently strong, out 
beyond its visible termination, becomes heated in contact with 
the air, and ooimeqaeutly takes up oxygen accord!^ to its 
affinities. The flame must be hot enough to dissociate most 
sulphides, which become thus converted into oxides. Such a 
process is known as ** roasting.” * 

If mere heat is rei^uired, as in the determination of lusilnUty, 
the nonle is placed as in the production of the oxidising flame, 
but the substance' is held inside the blue point of the visibla 
flame, since here the highest temperature occurs. This position 
may be styled the Fnslon-plBCe (below the 5 in fig. 8), 


E Observation of Fosibilitt. 

The ease with which a substance fuses must depend 'greatly 
on the strength of fiame employed and on the skill of tiie 
o|)erator, as well as on the sue of the fragment employed. Hence 
it is neoess ar y for each worker to be in the habit of using 
splintMB of similar sue and shape, comparison being then possible 
between the leaults gained by himself from different substances. 
The product after heating, must always be examined with the 
lens, and any change of colour, tran^Mrenoy, <kc., also noted. 
For moiA purposes, tiie fcdlowii^ brood observations and state- 
ment* sumoe: — (a.) Fusible in the unaided flame of the lamp in 
furly hum (or snuul) firagmenta ; (&) fumble before the blowpipe 
(5 B) with easy formation of a globule ; (c.) fusible h B with easy 
rounding of the edges ; (d.) fmble 5 B iu splinters only ; {«.) 

* To test tin E F. a borax beyl stcoogly oolonrad wiffi sMugiim 

•bould be renderod oolooriess; in a good 0. F. aboraz bead oontaming 
1*1^ smlybdeDtim sboald also boooiM oolooriees (see p 81). 
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)B OB tbe 0 ^^ of ^in ^tinlott iii^; (/^ 

& ^ ovoB aftw pw^oiigod hoitiiij^ Tlio ^peoiioiiu m held ki 
tko flune m Ao pktinBm fbroopo or in b ti&y loo^ d pktfBum 
win^ Ihnm^ widoh b wodgomped ^[tlaiABr nmj be sh^* 
llie foatcKi-^aM ii «Nd» &dlitB(e oorapMim with 
miimk, tob Kobatt pn^tOMd the wcdl^known Male rf rai- 
bifilf, tlwaixdegvMitte formed 

1. ABtimoidta (the meet eeatly fomUe member of the idUeV. 

aHetnOita 

a AJiPBodine (oonuiKm) OernM^ 
i. Aotittolita; , 
a OrdidclMe. 
a Bn&iite. 


A good hlowpipe-fl^e sboold foae the tipi of tiiin ipUnten 
of Imnuite into tiny ^^bulei. Degree! 2 , and 3 oorreipond 
respeetiTely to the twml deeoriptioBf a, h, and e, giveii BDOva ; 
4 end 5 to d ; and 6 to b 

Dr. Joly» working with hie beautifiil “mel<k>m^eri” baa oriti- 
eued thii aonle when applied to pcwdmd minerals; and it no 
doubt stands in the lame position as ^e seals of hudnesi, with 
^ts highly imgular mterrals (FroefJi, Mi Acad^t ser. 3, 
ycl it, p. 39)t : 

It must be iemembeied that the sabstanoss s^led by the 
mineralogisi ii^biilde are mostiy ftasilde with ease m the iame 
of the oimydroigeB blowpipei 

H. BL do Sanssure* m^ a number of detmdnatiims, nearly 
a oantoiy ago> of the fbidb^ of minerals in minute gnuns. 
Aiasapport he used a littie s^tmr of tim mfosiUo mineral 
lnwnits>, which waa fixed In a tube by fosion of the hdter* 
He molsteBed the fibrons eid of this s^tw with sahTa or 
sli^itfy gm^y water, and ptdEed up seveial grumles to be 
ieied al a ttme, siims amne wonld be ^ to Hy w at first eon* 
tact with the flaam. He examined Hie prodnot of with 
the misnweope^ and olaims to hare ftiSM a foagmeiit of rodt* 
eiyslil *005 of a fine in diameter and 06 of a fine^long by tiie 
use of a stotti candle and a blowj^pe sitp{died mfiBUtn sk» 
HeeiMpied the dsametem of dw globnles ^ he oonlfi pro 
dnse J^Mhe foyihHi of radius miaeiafo and of the memheis a 
WeteMfs pyfPBMtrfe sealer be^ dfiren to tbsse 
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bfok^ from Uie specimeii under exanunatioa. He 
piopoaed, howem, to study the interaeto of one minersJ on 
another by nslaf a snpport of the one and a gnnule c^ the other. 
Ooc#nr suba^uent^y utUised this method by iaang two grams 
eC Mnda nlaoed in contact omthe ^anite sujiportw 

the eSmnte detail with which the oomparisons of 
DeJ9uiih^ w«re carried oat proved an obetaole to the develop- 
m^t of his me^odi Cordier speaks Ym highly of it as a means 
of alndylnff small isolated grains. Vfe i^er to It here as an 
exaaide ta rim' practioe of the earlier observers, and as mi 
encQSitagonient to those who may r^ard the possessibn of 
plMinttm wire and a Bunsen-bumer as a Necessity .rather than 
as a lonttn in determinarive woric. 

Dr. 0. AfltWi* wooing with Le Ohatelier^s pyrometeri shows 
that most rook-Amning minerals fuse between 1000* and 1300°. 
A. Brunt gives 1200* to 1900* for common silicates. 


0. Obwbvatikon of Flamb-Ooloubatioh. 

Many volatile substancSss impart characteristic colours to the 
flama The observation should be coupled with that of fusi>* 
bility, but a ne^ve result is not oonolusive. Should no colour 
be thus seen, the splinter, or its powder on a moistened wire, 
riionld be . dipped in a drop of hydrochloric acid specially placed 
out for this nurpoee^ and again be introduced into the flame. 

Ooak|iNonn^ of phosphorus and boron are best tr^ted with 
SB^mrie ^id. Silver chloride, mixed with the powder^if the 
is usefol to intensify some reactions, notably those of 
eoppmr oompounds, the blue flame due to copper chloride 
beooni]^ ^ onoe apparent. Gypsum may similarly be used 
with certain iilifiatec, which become decomposed when heated 
wirit hh rim metids present beii^ rendered volatile in riie form 
bfei^f^ba^ 

Ofim ^ mniy must be held Just in the edge of the flame, 
and not llisglit too for within it The ooloun^n is sometimes 
tmujiiin^ aometlnwn ii^eimifled upon Imig heating or fusion. 

» BnsmRhbi^^ is uaed» the colours are bett« seen, the 
im platuium wire or in Ihe forceps neu 
lle lfoiftfpB t^ and at ito nna^gin. Often a Utile of 
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the powder loattered through the flame givet rnmnnuetalmble 
reoetion. 

frteauiUmt, — A blaok background, tndi aa a charcoal^ block 
or a book-cover, ahould be used, lest £sint-green and blue oc^ura- 
tioDB should be overlookeii 

The or wire must give no colour when held ahme in 

the flame, ^e^ can be cleaned by dipping in hydrochloric acid 
and heating until they have no effect on the flame. 

The acida used must give no colour, beyond, perhi^ the 
tranaient yellow of sodium, which is scarcely to be avoided. 
The wire must never be dipped into (he acid-bottle, but drops 
must be set oat for am. 

When a Bnnsen-bumer is used, the table must not be jarred 
nor the brass tube touched or disturbed, since the large sur&ce 
of (he flame at once becomes coloured by foreign bo^es thus 
pr^ecied into it 

The flame-colourations to be looked for are as follows— those 
given by rare substancea being omitted as foreign to the practical 
pnrpoee of this book. The metal indicated by the ration is 
given in Ualieg after each : — 

, Crintoii, approaching Purple. Appears when the 

assay is on the very mugin of the flame. 

Crhaioib of Yellower Tin^ S^oiUumk 

Bed to Tdioff-BeA Caidum. — Often similar to that of stron- 
tium, other tests distmguisfaing the compounds of these metals. 

Yellow. Sodium , — So prevalent that a strong persistent flame 
can akme be regarded as saiu&ct<M 7 e^vidence of its presence os 
an essentia] constituent of the assay* 

YeUow-Qroon* Banum or IdolifbdoMm^ 

Kmerald Green. Copper.~^A blue inner flame spears 
when hydrochloric acid has been used. 

Bright Green. ASofma— Appears when the assay is on the 
veiymaiginof theflame. Sulphorie acid mnat be uaed. Anaa 
is a good eiam^ 

IhiB Green, inconqiicuoui. /’AwpA>rtis.H9iUpburk|^ll^ 
be used, and the flame carefully observed on the entrance of tho 

•saay. 

Bta^-Gfe^d«ljfii%(dteA smoky 
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Bine. * Lea4, Selenium (rare), or Copper The last 

gives tha green of the oxide beyond and round it, (See 
** Chlorine,” p. 61.) 

Light Blue, smoky. Arsenic, 

Violet. Potassium . — ^This ilame is very easily masked 'by 
sodium, and blue glass (p. 42) is usually required. ^Vlere 
potassium is suspected, a blue glass, or a combination cf 
glasses, is selected, that will out on the purple tints ^ven by a 
strong sodium flame, such as can be made for trial with sodium 
carbonate. The glasses commonly supplied are far too thin ; 
5 mm. is a good thickness. The glass is then held between the 
eye and the flame that is to be tested, and the reddish-violet 
tinge due to potassium may be observed through it, particularly' 
when the assay has become thoroughly beatod. If lithium is 
also present, the colouration due to it may be transmitted, but 
can be cut off by a comparatively small thickness of bine ghiss. 
In ordinary work no confusion is likely to result, potassium 
being iar more prominent in the minerals commonly met with 
by geologists. For the intensiflcation of potassium flames by 
gypsum or sodium carbonate, see pp. 83, 8&, 

Finally, some minerals may give double flames, as pyromor- 
phite, which shows a blue flame surrounded by a green envelojw ; 
or borax, which reveals sodium when heated alonoj and the green 
of boron wath sulphuric acid. 

D. Rbaotioms in Beads of Borax. 


Shako out a little borax into a watch-glass. Bend one end of 
a clean platinum wire into a small loop not larger than this, O, 
heat it, and dip it in the borax, some of whi^ will fuse and 
adhere to it. On further heating, the borax will swell up^ fuse, 
aud settle down on the loop as a clear globule. Let ibis cool 
^ and hold it up to the light ; if any colouration is visible in the 
bead thus made, the wire must have been insufficiently cleaned. 
A light blew between the hammer and anvil will br^ out the 


bead; as new one must be formed and shaken off when hot, 
probably carrying with it any residual impurithA. The third 
bead now made will be periectly colourless. 

ARer inspecting the bead, fuse it again and take up a smaU 
quantity of the ^wdered assay, by touching it with the hot bead. 
Heat in the oxi^ing flame in fuU contact with the air for about 
the time ^xxmpied in counting fifty dis^mtly ; then remove it 
and hold it up to the light Note, after the ^t red glow has 
gone off, any colour while hot, and whether smy change takes 

4 
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motim ammnlite./ . v ^ ,4 

Now tiko wm betd ^ ike radveing fiame and iMk fbr 
•i least as a tiiae. /Hie pfaotteeoltikmf oonntucdaK^ 
sack (^wiatioiii IS a aselU one, as^a^^ a fiiur siiiiSuiir^ 
oondituinB in ^gamining diOkrait snkstencss, and as a to 
sareless knnj. Hie rmlts wkan kol^ oocdin^ and eoU^ska^d 
again be 

H any doabt remaii^ tko bead oali be again oaldMI and 
reanminod. If the feaotion k ibeble, tmare Mwder laast bb 
added; if the bead is dai^ and qtaqin^ it can ne flattoied ont 
wk^ stUI hot between the agate peatie and tiie edge of tiie 
mortar, wlmn it frequently bemes traaqiaraat. If Jearily too 
mnek material has been picked up, part of tiw bead must ^ 
shaken off when hot and pw borax substituted. 

As already binted, oomMun^ d azmm, antbumy, lead, fra, 
will destn^ the wire^ and lu scmte caaea ike bead mult be trealfrl 
in a little l^ow of a bhaitoal support; it imirt thmi be idaeh^ 
np while and its odour thus exam i ned. The addition d tin 
aids somep^ffienlt reactaens in B.F. The bead k fused on 
ctereoal, am} Ike eomer of a strip of tin*foil k ^pped into it, a 
little being |bu8 melted off The tin oomlnnas witt thwoxysen 
of other ine^ preeent, and the redaction k carried fruiber t£an 
by the flame flone. 

Two or evim more metak mqjable of colouring ike borax gksi 
may exkt in die same amaT. Hencd the wmer siust be pr^ ^ 
paM for mixed ookuri, sudi as a gi^' in the case d mtih * 
and iinn, fre. Such ot^rs are pardcukriy notioeable in the 
hot beui, as also are those due to eonstiturats prcfsent in small 
quantity. 

iNwMirioiiJL*-The wire must be dean and gire no odour to 
thejntie borax. ' ^ 

The bead must be small, so as to be completely enrekfed 
during rednetimi. 

The powdered assay miot be added in small quantity, aud j 
incnased unto it k dw that nogpod naolm li cktaiimueL 

fti4diides and anenlte aboald he roasteu on ekkneal 
wsem hctax. - • 

V Qk Msdtks that are commcmiy met iHik and can f 

«• glTWL Wuf nfaitite rita baili tpi at, 
xeUmr «M| liot «& eolooriiM yritm «M, or tMka apaqva" 
PdfMttMU^faad. ia lam qraktity; bvt tliafa*' 

aMitsaatfl aa^ «a«dl^ V batter 
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BEADS OF BORAX. 


CSOLOUB JS O.P. 

CoLoiTB nr RF. 

iBmttATIOH. 

BPOWn (Violet whoo 
both 

Greyish on long r»> 
dactioD. Colourless 
with tin. 

NiM. 

TsUOW (Bod when 
hot). 

BotOe^green. 

/nmer Uranivm. 

Tellow-igpeen. 

Green. 

Ohrmntm. 

Blim (Bi^ hot, and, 
if a large qnantify 
is used, when cold). 

Bpiek-red and 
opaque. Well seen 
in yellov lij^t of 
lamp. Facilitcmby 
tin, or yAm. a large 
quantify is preerat. 

Oapptr, 

Blue. 

Bine. 

OoML 

Bed-violsk 

Colourless (difficult 
with large quantify). 

Mcmgemm, 

Coloorleas (reomree i 
. good oxidaUco). 

Brown, dten with 
black flecks. ^ 

Molybdenmm. 

CdlooPle#, 

Yellow-brown with ! 
large quantify. | 

Tungyien. 

Ckdmirless (Yellow 

Yellow to Brown. 

TitamvnL 

^Vl^te and opaque 
(turbid witii small 
quantify). 

Colonrtessafltersome 

time. 



p. Rbaotiohb iir Beads op Miobooosmio Salt. 

It is alvajB ad-viflable to confirm results obtuiued in borax 
the va» of miorocosmic s^t, and in man/ cases, as where 
npninm, iron, titanium, or tungsten occur, these reactions 
are aUolut^y necessuy. While a larger quanUtj the 
mineral powd^ is often required before a g^ rnmlt is obtained, 
tlto reactions areals a whole deaner and dearer tlum those in 
Tht opaque r^ of oo|)per in R F. moreover, easily 
in miorocosmic salt 

%f|!&Bidt must bepicked np on the heated wire in smallquaatidea 
(t a time, and fttsed so as to exp# the water and unmonia after 
bimh addition. The resulting bead drops easily from ^le wire, 
hut any tendency to' fill dni^ an, may be generdly 

dieokea by ihifl^ the wire to ^e up^r pt^pn oCdie 0a^«e 
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JSreoat^Um.'^The bead must be nmUl and be moved with care, 
lest it sboald become detabhed. 

Larger quantitiee of the amy may poesibly be required than 
in the experimentB with borai. 

The otW precautions are the same artbose given under borai. 


BEADS OF MICROCOSMIC SALT. 


CoLouB ta O.F. 

OoLoua IK jR.F. 

iKDJOaTrOK, 

Yellow. 

Yellow (ooJourlwi 

aftw long reductum ' 
with Tin). 

NkktL 

Pinkish-red (reqaues 
some qnaati^). 

Pinkish -red (re- 
quires some quan- 
tity). 

Iren. 

Pinklsb-red (requim 
aonM quanb^). 

Dapkep or Crim- 
son-red. 

Ttmgtfm md /nm, or 
fUmim and Iron. 

Yellow-green. 

Greem 

jJnMtwn. 

Yellow-green (K«d 

wbeu hot): 

Green (Bed when 
hot). 

Chroiatum. 

BlUft^ 

Red and opaqua 

Copp€r, 

Blue; eometiaiat 

Violet* ! 

Blue; lometinies 
vioiM. 

Cobalk 

Bed-violet 

Colourless (easitf 
than in Botu). 

Maagdmk 

Green; rarelpColonr- 
less. 

Green. 

Molpbdwwm, 

ColeorieM. 

Blue- 

TmgtUa ' (tee above 
«d 

CoioorlesE 

Violet 

TUammt (see above 
for Titaaittn and 
Iron). 

V]ll7« white sad twr- 
Ud. 

Colourless (after 
Kune tune). 

SUaer, 


f. Examihatioii vob Siuca m Bbab wr MicROcoeniy Salt. 

If aminute splinter of a silicate is placed in the bead and healed 
thus Ibr a loi^ p^od, (he siliigt will stiD remain nndissolTed, and 
will be seen Boating about as a skeleton retaining the form of the 
original hnsgment Some substances, as corundum, rutile, Ac., ore 
BO slowly Bololde that this test must be petfbrnied with judgment^ 
* Some issiplis d aiia r ooosaio islt give violet bea^ 
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mid upon particleg not bi^er than the commas used iipon thia 
page. ■ At least 200 shouldbe counted daring the operation. 

In borax, on the o(^r hand^ diica erentufUj dissolves, in 
common with the bases combing with it A small portion of 
the silica is said to be dissolved out even in the bead of micro* 
cosmic salt, bat this does not vitiate the observation nnless a 
fine powder has been used in place of a pt-operly selected splinter. 

0. itsAcrrioirs in the Glass Tubes. 

A closed tube, prepared as described on p. 41, and dried in the 
fiame, is held in the forceps or any convenieut clip, and two or 
tltree fragments of the mineral are dropped into it Ko powder 
shoald be allowed to fell upon the sides of the tube, lest subli- 
mates should be obscured. The base of the tube is heated, gently 
at first, in the spirit-kmp or Bunsen-flume, the blowpipe being 
used if greater heat seems desirable. Any change that takes 
place should at once be noted ; decrepitation, fusion, change of 
colour, &o,f may occur; but the most important reactions are the 
evoluldon of gas and the formation of a sublimate in the cooler 
part of the tube. The assay may in some few cases become 
thus entirely volatilised ; but a residue commonly occnrs, which 
should be examined ; occasionally this proves to fei magnetic. 

A tube should then be taken that is open at both ends, and about 
12 cm. long Afeagmentof the mineral isshaken in soas to lie about 
2 cm. from one end, ahd the flame is allowed to play about this point. 

' By iaclining the tube, air-currents pass up it of strength varying 
with the slope, and the volatile matter, if any, becomes highly 
oxidised. Giises and sublimates should again be closely obseigred. 

It is clear that sulphides will be most likely to yield sulphur 
in the doled tube, the product in the open tube being sulphurous 
anhydride (SO,), an invisible gas characterised by its smell. 
Arsenic may appear as a metallic subli^nate in the closed tube, 
but as a white oxide in the open tube. Hence the one test 
frequently confirms the other. Moistened litmus paper may he 
used in the mouth of the tabes to test any vapours given off, 
the blue colour taming red with acids. 

Open tubes may omen he deaned out with a pipe^leaner or 
by mmple heating; dosed tubes are seldom worth cleaning. 

PrwttUioni* — The upper part of a tubtjt though dried, must 
not be too hot to receive a sublimate. # 

Sublimates must be spread over a feir area, but will sometimes 
overlap on one another. Thus an arsenic mirror and the orange 
sulphide often produce at their junction an effect suggestive of 
antimunoul sulphide. 
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iuiinunov mu m ttownn. 

■ 

the tubes will be deeli with under 
of the eubitiaMe of wldoli th^ are charaetenstio. 

■Hit- 

H. ElACnOVB OH Dharcoal. 

(1) lKOawrAtIOHB.5^^, 

A nuall lude U out with a knife>point in the charcoal, ard a 
little powder of the assaj is litd wit^ H. Shovdd it decrepitate 
or d/ it should M^oistened with a drop of water. It is 
then heated in 0. F.» the remainder of the flame being directed 
alo^the ehaMflid or the blackened sur&oe of the support (see 

‘Fhe sttbstaime may ah once d^i^rate, indicatii^ the presence 
of a nitrate; or it may fuse more or less readily; it may colour 
the flame aa in previous operations; or it may ^w fl^rongly, 
indioatin^me^ magnesia, strontia, zinc, or ziroonia. 

After heatinf Ibr some time, a sublimate or " encrustation ** 
will flmquentiiy form on the cooler part oi the charcoal, or close 
under the of the flame, aooording to the volatOi^ of the 
p^uot Suw encmatations axe mostly due to oxides, anii^ 
thems^Tes di^^ftpear or shift on being heated in the flmne, some- 
times imparting a oolour to it In some cases they are developed 
while the assay ataelf is bmng treated in R F. A thin white 
enomstation often i^pears blue wheh spread out over the black 
nqp^ort> and thin yellow ones appear white upon the outer 

, ,^|f the encrustation is white, it should be allowed to oaol and 
be moistened with nitrate of eobl^t solation dropped on it 
fomn 4 tod or |^)ette. Behe^ strongly, countix^ about 200, 
and set ^ide to oo<A In several caws cbazucteristio colours 
rwgpjit traction of tbe%}balt Ko transient oolw need 
be regarded, as the strong heating mentioned U eamtial The 
nitiile of oobait sdution dries to a pink, tiimi breaks up 
and turns bla^ ; but these colours apee&y pass off emd will 
eause^ no odnftudon. The charcoal into wbi^ any of the solation 
has sunk must be cut ont> lest futiire encrustations should be* 
eome ocloiired. It is aSso necessary to observe whether the atii 
of tim fihaiml tione gives ai^ reacti<^ tiith^^^ 

Ai k refinement on ordinwy methods, Dr. Haanel * Imployetl 
plaster of Phris pfotes in plaoe of charcooly and hydriodic acid ns 
a xei^tr the SiwrotktionsbbseTv^^^^^ due to iiodidmi, 
* ^SVuaa A dba ObjHuhK 
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The plastar is made into a tbiu paste with water, and is spread 
out with a knife on a large glass j^late to an even thiclum of 

t inob. Qroores are out across the plaster, so that it can easily 
I broken, when set, into plates measuring 4x1} inches. The 
smooth snr&ee produced next the glass is used for the enorosta* 
tion, and a small hole is out in it near one end fur the assay, 
whi^ is mixed with hydriodio acid. Messrs. Wheeler and 
Imedeking* nse a mixture of 40 per cent iodine and 60 per 
cent suitor added in excess to the assay, which is much 
simpler, and which gives equally striking and brilliant en* 
erustations of m^llic iodides on plaster of Paris. 

Br. Goldschmidt t uses mica or glass pUtes, resting on the 
riiarooal, to receive encrustations. To prevent cracking, the 
Utter are heated before use. The sublimate can thus be 
removed, and tested conveniently in the wet way. 

A beautiful example of the oxidatiotf of a metal before the 
blowpipe occurs in the cupellation of lead containing silver. 
The metallic bead is obtained from the ore by ftiston with 
sodium carbonate on charcoal, and is removed aud cleaned. A 
cupel of bone-ash is then made, about S cm. in diameter, being 
shaped in a hollow cot in charcoal, or struck in a mould, such 
ss those provided in Letcher^s blowpipe-cabinets. The cupel 
tihoold be gently dried, and supported in s hollow ol the char* 
coal The metallic be^ is plac^ on it in a little hollow near 
one side, and is treated in O.F. The lead oxidises, forming 
exquisite iridescent films on the bead itself, and r^ stains, 
which rapidly grow richer, on the bone-ash beyond. The cupel 
finally a^rbs all the lead as oxide, and similarly any copper 
present^ and silver, if present, remains behind as a gleaming 
and non^iridescent bead. This proem requires some experience 
and repeiitton ; the detailed account in PJattneris work (English 
edition of 1875, p, 369) shows to what perfection it may be 
carried 


* 7>tiiw. SL tow Acad, 8ci,, voL iv. (1886), p. 676i 
t Qwtad io Krilhack, PrakMU OtUogk, p 49A 
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terORUSTATIONS FORMED WITH THB OXIDISING 
FLAME. 


Coi;ouR. 

IirDI04TIOH. 

WiyH Gobalt 
Nitbatk. 

White, yellow 
wbenlioi 

f Molybdenum 

(Turns a fine blue on the least 
touch of R. P.) ' 


7Vn (not volatile). 

Blue-green. 


Btnc (not volatile). 

Yellow-green. 


ArserUe 

(Very volatile and far from 
assay. Gulic odour.) 



Antimony (denser). 

Doll Green. 

Whiter 

Lead Chloride (thin). 

Lead SviphaU. 

In thtte two last the yellow 
due to lead oxide appears 
within, and the^ bum bine 
when the fi^e is turned on 
to tiiem. 


yel!ow*bPown. 

Cadmum, 


Pink-brown, 

feeblek (Ptle 
crimMii 00 sor- 
fooe of oatinKmy 
oxide, or when 
teed is present) 
(lk 6 .tV 

saver, 

f Bimuth, 

(A fine red results if equal 
partaof potasnumiodideand 
sulphur are added to the 


Yellow, pMsiag in- 
to white. OlWIM 
when hoi 

assay.) 

Lead (barm blue). 

Both the 1m and b^uth 
eoomstatioBS Imve a white 
fringa, and become more in- 
tsose in colour if this is 
driven back and ooncen. 
tnted upcm th^ 


Omnfe -yellow, 

1 Areenom Suiphidet 


Red. 

A 

AarimoiMmi Svdphvle. 

1 
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!!• MMf ft59r widm 

oMPmide imld be dio|i|) 6 d upon ^ and it ibtm be 
efip^y beatod in 0 , 1 ?., as in tbe case <rf enonutatumn ' Ibis 
^ is of e^edal serrke wbsn no 0(»idfnre leaetion bal bm 
hitherto dbtaindd. On ooppletely oodiDiL the edhmt nM w 
may not haTe ohan^ ^ aany nniit fa » 

lens to aaoertain nstfao^ &sion has taken |dab^ ^dnee a U 
faMHir aftor fumoii has no defarminatiTe Tains. Sfaffar maetions 
oan fa oonTeniently eb^ned by powderii^ the liina^ mixing 
with a dn^ of the solndcm, and up on a loop of 
wire fin- imatment In tite 0 . F. 

Tho ooloniifaefal in determinatian aie : — ^ ^ 



Pnle Ftnk # Browiniiai^ 


Pale Una' 


TVfaiic ostda 

Ahmrim (Bliis afar finioa ia 
gmeial^ doa to SHkd^ ‘ 


ESDponoa TO hjetal ik thk RinuciBo rZiAxs 

^ Many otes oan fa rednoed to metal in R. F an flha« Mfcl ^ their 
TidAfale eonstfawnts going off as gas or beeomiap deposited as 
oxidosontfadiarcoal (HhermoierefamtMy snbstaneesbeecm 
rednoed bj b^ig powdmwd with ibont tiiree times theil bnlk <d 
sodinmearbonate; tfa mixtnre is then Seated in R f* on ohar- 
ooal nntil aU ^faresoenoe in tfa sodtnm oatfanide fu oeas^ 
"wfan <dtfa^ ittrtaUio J^bnki wU faTWiaepifated^ont Bi^ 
beeonm (ifattn^ TWfaln^^^^ fa mai^ oaies^ bowereri 

^ aodaolsf iafat be ont Out mfa a lit^d of the ebaiooal niider 
itsnd poniuied ontin water In mi agifa inortar| waih l^tiy 
with watw, prsssiiig firmiy on the heaTier 
pestle; mdadiio beaSi wiR ofan fa finnid stieaked ont*on tfa 
pe^ nr in tiie mortar thfa the l^tw admlaliile hii been 


» inetilHe beads obtemed mnst^fa a nde, fa nitjtcM to 
tsMa^ ^^’idd be on ebarooal, 

rfe tifiir ffttiify aiid to see if they fiirm an enortufatimi 
, # any ohir^t^^ mdiei faeir oia^^ 
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be exifflined j iad they should be rubbed over » suHaee 
e #<d^i e paper, u^er Measure from Uie cleaii base 

io deteniuike whether or no they liMkve a s^tsdt ;au^ 
i^givto by le^ Bome bodies yield mere fhsed globular'rei^dties, 
f^idh. are brittle and can be referred to none of the undermen'' 
tioned metab. Such residues can often be further decomposed: 
b^allm may be formed that are Jiffiouit to detenmna 
Ilia or pov^dered residue from ^^ment in R. F. should 
alwa^fi be tested with the magnet, and any matter that is 
atteaoted slmald be examined in a borax bead. Iron, cobalt^ 
and nk^ cite be thus extracted and distinguished. 

Ft$emaumt,~-^Te\L for possible small beads in the reddue 
- irom frudcm with socUum carbonate, as above described. 

Bdb beads in the mortar to clean off any oxide that may have 
formed during coolings concealing their true metallic colour. 


Nature or Niialuo 
Beau. 


White, hard, mslleabla 



White, SMllMUa, diffi- 

mlt to obtain without 
ipdiam ssihoaste. 

White, SM^ soidlsablia. . 

Whke, maoka at adlges 
^sn pr s n s d i brittle. 

|)l»|le^Md, hsid, maUe* 
^ tme {olt^ costed irite 
bteek oxide). 


Its RsAcnosa 


0 OM not mack paper. SSver^ 
nsoed <m tiie mai^ qf 
a dim of antimony oxide 
formed mi cluutK^ and 
gent^ fused, will ^Id, 
with a little care, a pmk 
m^fustatioa over the 
white oxida 

Does not mark paper. TiiL* 
Qtvee white enoustation 
and oxidises to a white 
powder, blue^gremi with - 
cobalt nitrate. 

Marita paper. Yellow en- Lead. 
onmtatimi ; blue flame. 

‘ i,, 

0001 not mark paper. ituimUA. 
Yriknr eaMmststion. 

Ho enorastation ; gremi Copper. 
flame. 


^r^mnise, and ttee are volatilM on redaction, and 

Ste hy sfuwtiriaflhiMi tod not as besda Merewp and arsenic 

itel^lW^lteiMd by heating their comMundt with sodim cwbonate in a 
ehiiia yhe. Irem, ceibattt mniekd yield blaok ma^tio resi^MS, which 
shcttU bo tilted teborme on platteum wire, 









60 Rftionoim of tbi ooxcriTuiJin of ]iikkiuz& 

Oortiim motionB in which the obq cf sodium osrboiiato pUys aa 
importaiit part viH be described oader ibe'head of the SQMteoo^ 
of whieh tho^are eteacteristic. The test ibar solphar aloae need 
be mearlioiied here. Beeatise a substanoe is a su^)hate or eren a 
solplilde^ it no means ibitows that eridenoe of sulphur will be 
giTcs el^er in the elosecf or open tube. The deeidye detennlna- 
tion is made as feUows >-Fiue UiMOaffhiy some of the powdered 
mineral with abont three times its boTk of sodium carbonate in 
K F., unto eflbnrescence oeises. Got out the slaggy rettdoe 
and ^ patdi of cfavcoal below it, and crash on the sur&ce of 
a clean aOver coin with a drop of water. AHow it to lie for 
about ten seconds and wipe it off If snlphar has been 

present in any forth, sodium sulphi^ hare resulted, which 
aeoompoees on the cojd, leaying a brown or black stain of i^rer 
sulpMoei This test is delicate and un&Oing, and can be per- 
formed as a natural sequel to any good reduction with sodium 
carbonate, a portion of die tlaggy mass being reserved for this 
purpoaa 

— ^Ihe reduction must be very thorough. 

The charcoal bdow must be cot otit^ owing to its absorption 
of the sodium suhddde formed 

«The sodium camnate must itself be tested foriulphur; oommon 
gas also gives a slight reaction ; hut the stains thus produced 
are ordinarily quite sli^t compared with those yichlcd by 
minerals, C5tpeciaily‘if the mass is sot allowed to rest long upon 
the silvOT coin. 


OHAPTKR VL 

nnriii asp osAKAemuano acAcnous of tbi com|titueiit8 

or OOMBOM BIWEBALB. 

ABBBBnATiaBS used » Plamocolouration. iW. « Fusi* 

bihty. ifof. a Borax bead iffor. » Hiorooosmic salt bead 
Cl Iwhs CSoaed tube 0. tube » 0pm tube. CA a On char> 
coal. Soda •> Sodium oariionate. MCI a Hydrochloric ad<l, 
Add. » Addithmai reactions. The most useful and characteristic 
reactions are plileifod by an mtethk. Details must be looked 
for on pti. 45 to 6(X' 

Alumina becomes blue with cobalt lutote ; 
if the leifooe ii ikaed, Ahe reactioa is indecisive. Dissolve tlio 
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sodB-reiUoe io dilute HCi, evaporate to dryness, redissolve 
in H 01 and water, filter off any silica, and nentraliM with am- 
monia; almnina is precipitated, together with any iron that 
may be present. The precipitate, if white or nearly so^.oan be 
tested with cobdt nitrate, the resulting fine Uue colour dis- 
tinguishing it from glucina, which is* similarly precipitated. 
Glueina,^ however, is of rare occurrence, 

Antimeny. — i^^dme-^Blue-green or green-blue. Cl Some 
white oxides ; dark red when sulphur is present. * 0. tuhe— 
Dense white oxides, sometimes crystalline. * Ck — Ditto. Dull 
green with cobalt nitrate. (See note on p. 64.) 

AnasiC. — A^Mne—lKue, smoky through formation of oxide. 

* CL tuhe— Metallic mirror, particularly with soda. Some white 
cryatalline oxida With sulphur, orai^e-yellow. *0. tub^ 
White crystalline oxide, garlic odour. CA.~Ditto, far from assay. 

— • /ZamM-^Tellow-green. 

WimatL — D. lu&e—Oxide sometimes fiwmed. *i7A.— Yellow 
encrustation, bordered with white. With sal{diur and potasaanm 
iodide yields red encrustation of bumuthous iodide. somfr 

what hritile, not marking paper. 

Boron.^^.^^kime-*Green. Use sulphuric add or even fluo^ 
spar and hisulphate of potash* • 

Cadmium. — *CA.— B^wn oxide. Use soda. 

Cikinm. — ^iZame—Bed to yellow-red. Glows strongly. Add, 
—Dissolve assay in HOI, and dilute greatly. Add aulphuris 
add ; no precipitate occurs (see Strontium ”). 

Carto DiozidA— * Oarbonates effervesce in EOl, some when 
cold, all when heated. A little water must be added. Sulphides 
that behave similarly are recognised by their physical cltaraoters 
and by the smell of the escaping gas, sulphuretted hydrogen. 
Small quantities of carbonate of lime, dec., pre^nt only as im- 
parities in the assay, often give considerabie effervesoenoa 
ChloriBA^*if«cr.— Make a very dark bead with copper and 
add a little of the assay. If chlorine is present in fair quantity, 
a fine blue flame surrounds the bead when it is again introdu^ 
into the flame. (See p. 43.) Bromine gives a similar reaction, 
but is frr less often met with, 

dfrominm.— ♦ Bor.— Fine green in both flames, iftcr.— Ditto. 
Cobalt—* Bcr.— Bine in both flames. After.— Violet to bluj‘ 
heads. ^The borax beads are green Ithen iron is present, especi- 
ally when hot (7A— Reddue from R.P. may be magnetic. 
Copper.—* ifTomc— Bright green. Blue near assay w ith H 01 
Bbr.— O.F., gieen to blue; K.F., opaque red. After.— Ditto. 

(7A— MeUllio bead of copper; use soda iu.most cases. 
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BXAOTU^ or nu ooxaTiTtiiinn or xivebiza 

FhUKriBje;^*(7l, Hiir-i-lf deoompoMl>l(^ hMl Ihe powdeni 
vmj stnmgljE^with % drop or tvo (h sul^erio add; hdd a dean 
giass aioroMO]^ slip, or dio Use of a wateh^glut, dose do va on 
tha aad of the tube* In two or tlim minotM remora and widi. 
Wbrnii dried, a dolled drealar area will beeaeoydaetodohu^bj 
the hjdroflaorio add rapoare. If sand or qaarta fragaa&ie are 
added with the ealphaiw add, silidc flaoride ii form^ Ininrt 
a glass rod mouthed with water down the tabe; the water^ 
daoomposes the rapoor, and whitaailido hydrate is deposited on 
the rod. 

.ddUL*— If Ull mineral is not decompos^ by H|SO^ l^se 
nderooosmic salt on charcoal* until ebullition oessmi, mur the 
product with tbs powdered assay, and fuse on a glass orer a 
ismp-flame. On washing the mixture and d^iii& the surface 
wiU be seen to Jbe etched, a dulled area baring been formed 
under the ftised pnasa. 

Iron.— F., yellow, B. F,, bottle^reen. •ifmr.— 
Beddisb in both beads; darkmr when titanium or tungsten is 
pieasnt (see under theee). CL ^i&e—Sesidue^ sometimes msg< 
netio. * Ck — Hisidue fiom R, F. mMoetio. 

IfOtd. — *Ffa s if Blue. 0. luda— When sulphur is present, 
forms, on some heating; a dense white deposit of lead sulphate. 
*(B — ^Tdlow tuurange oxide, fringed with white; tarns strong^ 
yellow when potassinm iodide and sulphur are added to assay. 
White dilorioe or sulphate when chlorine or sulphur is present 
Metallic lead in B F. The bead oxidises and turiMi orange 
inO.F. 

lithfauB.— ^Ffome^Orifflson. A rare oonstiluent 

MaglieifatBL—*CA— Magnesia becomes dull pink with cobidt 
nitrates* Heat ^ngly. Few^^oompounds, howerer, show this 
reaction, and wet tests must be used. 

Mangiaese,— 0. F., red riolet. B^ F.,*^eolonriess. 
Jfior.— Ditto, ddUL— ^l^nsten a loop platinum wire, and 
dip it into sodium cacbonate ; fuse to a bead and add the 
powdered away ; beat in Q. F. ; manginese; eren in rety 
■mall qaantlly, jaras an opaque grMn htmL 

UtroiKi.— * Aihe^Metaliio satdimate, especially wi& soda, 

suicide, witibout sod^ ^res a black suolimsto which has 
a red stcask. • 

*Jfor,-0. F., colour* 
teas, B teowB. iffor.— Gremi in both flames. 0, inbi 
— Somsliiiisi tibia white oxide. Wb^ oxide, whhfo 

beocHBfls *ldns m being touched irith B F, The soda* 
letidne^ tceatodl M desoriM under ^Titaniam/' gives 
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f. 


i inMoifth folution which paues into brown*; aometimes bine. 
See**TnngBten.*^ 

Hlekal— 0. P., brown. R, P,, greyifh. ♦Ificr.— 
0. P.f yellow. E. F., slowlj ooloarless with tin* These re- 
•otioni may be obscnred by cobalt. See account of chloanthite 
on p* 69. Ck — Residue from R. F. may be magnetic. 

RlOiphonit. — Feebly but disfinctly green; use sul- 
phurio acid. CL tube — ^Add 4 mm. or so of magnesium tape 
and In some cases the mineral must be 6tit fused with 
soda on oharooal, and the powdered slag used in the tube. The 
addition of water, after the tube has cooled, causes the evolution 
of jdiosphdretted hydrogen, known W its smell, which is com- 
paM to that of decaying fish. CA— With cobalt nitrate 
fusihla phosphates become blue. dddL—* Nitric acid solution 
of ammonium molybdate, added to a solution of a phosphate, 
or in many cases to its powder, produces a crystalline yellow 
precipitate. This must be proved to be crystiJline with a lens 
or miorosoope. 

Potasshun. — Aflame — Violet Often requires blue glass. For 
intensification of this reaction, see pp. 86. ^Add » — Fuse 
the assay with soda on platinum, if not otherwise soluble, 
and (tissolve in H Ci. Add solution of platinic chloride, and 
evaporate almost to dryness ; add a little water, or preferably 
alcohol ; if potassium is present, a crystalline yellow precipitate 
of potai^m platinic chloride w^ be seen to have formed This 
precipitate is not easily dissolved in water, and is insoluble in 
aloohoL Ammonium compounds give a similar reaction. 

Slj^OlL — — Silica is insoluble, a skeleton thus re- 


fmaining in the bead. The firagment used must be small (see 

6 53). ^Ck — The soda-residud should be dissolved ift dilate 
Cfi, evaporated to dryness at a temperature only a little 
above 100 , and again treated with H 01 and water. Any silica 
praaent will leparate as a light precipitate, which must not feel 
gritty under tiie glass rod naed in stirring. If gritty, the fusion 
with aoda has not bm carried on long enough to completely 
decompose the assay. 

With cobalt nitrate fusible silioates give a rich blue gh^ 
ddd^^Some sUicatee deoompose on boil^ with H 01, the silica 
bri n g left aa a powder or a jelly of siUmo hydrate (see p. 33). 
If pravkoiU fused vrith soda, a jelly always forms. 

and iftor.— White and turbid beads, particularly 
In Q. R CA— Dull pink brown feeble encrustation, pale crim- 
ipn dr vk^let if fionnea over a film of oxide of antimony, or where 
§Mi le present, the oriomr greatly improving on cooling. An 
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ore of antimony, may be added to the asaay ta« produce thia 
reaction, ^^ver bead in K,F., which does not mark paper like 
le^, or turn white like tin in O.F. Where oepper ia preset, or 
in any compound mre of silver, it is well to use a mu^ ilux of 
borax and soda, ^the borax taking up the other constituente. 
(In presence of lead, see p. 56.) 

SodiUB; — Strong yellow. a 

Strontiuni.— * Warns— Cnmson to yellowish-red. If the 

assay is soluble in H Cl, dilute greatly, and add sulphuric acid ; 
a white precipitate occurs, sometimes after a little standing (see 

Calcium”). 

Solphor.— /Wis — Native sulphur gives a blue flame, but thU 
h not seen in the beating of sulj^ides and sulphates. CL lute— 
Yellow sublimate from many minerals^ the oolonr most notice* 
able whcm hot. 0. tube — Sulphurous anhydride is often evolved. 
*CK — Blackena silver coin ^ter fusion in liF. with soda and 
addition of water to the slag (see p. 60). ilddl— Treated with 
H Cl, many sulphides give off sulphuretted hydrogen, known by 
its smell. 

Sulphides may in all ordinary cases be distinguished from 
sulphates by tbeir physical cbam^raf 
^ Tin— CA. — White encrustation near aasay ; ♦ blue-green with 
cobalt nitrate. ^Metallic beads, white and malleable; best 
obtained by powdering the assay with one part of cbarco^ and 
two parts of sods, then fusing, and pounding out the residue 
in water is a mortar. The beu turns white in O..F 

0. F., colourless. B.F., yellow to brown. 
♦ iftcr.— O. P., colonrlesa R. F., violet. Dark red-brown when 
iron is^reaent * (74.— The soda residua is boiled in H Cl, with 
tin-foil about one centimetre square, to ensure reduction, and to 
avoid colouration of the liquid by^fin’mation of ferric <^lorkia, 
should iron be present. On cooling, and often after soma standing, 
the solution becomes violet through fennatlon of titanium tri- 
chloride (TiCi,). {8wj« Tungsten^ below.) 

TnngiUiL— Jbf.— 0. F., colourless. K F., palish yellow-brown, 
iftcr.-^. F., oolonrless. R. F., blue. Orimson-Lrown or nd 
if iron is presept ^CA.«Tbe soda-residue, treated as above 
described under ** Titanium/' gives a Prussian-blue sofation, 
sometimes taming brown later. The chaeoosl used inihe 
fttsum must not contain any cobalt nitrate from mrious 
opetatkms, since this will |m>dnod a similar bine in the acid. 
SoiM salts of ffldybdenum said to behave similarly. 

t For s rapid mfitlrtfl firr the dsterminstkxi Of salphidsi, srswijdst, sod 
satiswuikH i|f Mkumt Mag,* ^ ^ 06^1}> P* 
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’XJraBium. — *Bor. — O.F., yellow. R.F., bottle-green. *}licr, 
— Greet! beads. Distinguished thus from iron. 

Zinc. — ^Ch . — White encrustation, bright green with cobalt 
nitrate; heat asstiy in R.F, No metallic bead. 

ZlrcoDinm. Zirconia glows very strongly. Ch . — With 

cobalt nitrate zirconia become.s (lull violet, a reaction uncertain 
and difficult to obtain in the case of zircon, the only common 
compound of zirconia. (Sec note.s on Zircon on p. 77.) Biltz 
and Mecklenburg {Zeitschr, angew. vol. xxv. (1912), p. 

2110) give the following as a test for zirconium : — Fuse with 
sodium carbonate, dissolve the bead in boiling HCI, and add 
microcosmic salt. A dense precipitate results. 
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CHAPTER Vlt 

nowpiPK-nns ubbfgl ih tbb detkrmikation op 
COimoH KIMBRAIA 

T^B teleotion of minerBls here nuide ioolnUes 10010 that are of 
&r rarer oocnrreooe than otherS) bnt whicli yet are the more 
common represen tativee of oertun chemical constituents of the 
earth^a cmst. It also exolndee a number of important minerals, 
particalarly ailioatea, vhich most be reoogniwd by physical 
characters or more complete cbemioal analysts. The group, for 
sjuunple, of the felspars thus obtains UtUe jiromioenis ; but the 
later se^on devotra to 8zab6*8 dame-reactions does them, it U 
hoped, some messure of justioe. The woHcer is prasnm^ to 
hsYe Wore him some bandy text-book of mineralogyi and ques- 
tions of colour, hardness, Ac,, are thus omitted fn>m these notes, 
except where especially important for distinetion. Should the 
mineW under examination not*oorresponc1 with any in the 
following series, reference to the texbW>k under the head 
those that agree with it most closely will generally oomplete its 
detuminatioa. 

An alphabetical order has been adopted ; but an index at the 
end of the list seiwes to connect the oves it the same metal one 
with another. The abbreviations used are aame as those in 
the preceding section. ^’The chemical oomposition is shown after 
each name. 

la Ahaite (see notes on WebsUrit^. 

L Ao^sitte. PbSO^. C?. Fuses, and on prolonged 
heating forms a slight white sublimate. CA— Lead encros^ 
tion. Fuses and r^ucei easily to metal With sods, sulphur 
reaction. ^d!(f.->l>espite its appearance, the specific gravity 
{ m 6*2) suggests the presence of a heavy metal 

2. Aal^dme. OaSO^ iZeme— Osfdnm, with HCl Fm. 
-^Aboot 2*5. CL tvU-^0 water. (7A— With soda, sulphur 
reaction. Add.— Hardness » S.or more ; tlist of gyp^pm i« 2. 
SdttW in HCL 

A Aoorthito. Cs Al^SI^O^ /Zssie— Cakium, on dcoomiMsi- 
tionwith HGi /W.— Nearly as high as orthoclase. Jfier.— 
SiW. Bast treated by Smbd^s method. Decomposed by 

U Cl /%eeifio gravity » about 2*75. 

4. MOTWlltt#. Sb^fl^ Ffome-Sm^ green. iVs — 1. CL 
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tube — Bed sublimate of autimonous sulphide, darkeuing to black 
at base; white oxides, and sometimes sulphur, above. 0. tube — 
Similar; dense white oxides. Ch. — Similar products; in the end 
completely volatilised. With soda, sulphur reaction. 

5. Apatite, Oa^ (Ca[F, 01]) (P OJj. Flame ^With HOI, 
calcium flame ; with B 0^ phosphorus. Fu$. — Near d. Cl. 

With magnesium, phosphorus reaction. Ad!i.~Boluble in 
strong H Cl. A drop of sulphuric acid added to the solution 
precipitates microscopic crystals of gypsum. Treated with nitric 
acid and ammonium molybdate solution^ gives strong yellow 
precipitate. Small fragments may be thus dealt with on a glass 
slip. 

» 6. Apophyllite. Very near (H,K) 2 Cf^{Si 03 )^ + Hjj0, with some 
PI, Flame — With blue glass, gow potassium, Fus. — Easy, 
with intdinescence, Mier. — Silica, Cl. tube. — Water, Add, — 
With H 01 gives gelatinous silica in lumps. 

7. Aragonite, CaCO^ (Rhombic form). — With HOI, 
strong calcium. Fus. — Infusible. Add. — Effervesces freely in 
cold H 01, . The solution, if greatly diluted, gives no precipitate 
on addition of sulphuric acid^ even after long standing. Dis- 
tinguished thus from, strontkmte. Distinguished from calcite 
by its specific gravity ( = 2*93) and slightly superior hardness. 
For Meigen’s and Lemberg’s important tests, see p. 36. 

8. Argentite, Ag^ S. Fus. — Easy. Bor. and j/icr.— Silver re- 
actions. Cb — Silver bead. With soda, sulphur reactions. 
Add. — Sectile and malleable. Distinguished from stephanite by 
absence of antimony. 

9. Atacamite. Cu Cl^ + 3Cu{OH)2.* Flame — Bums lumin- 
ously, and gives a blue flame near the assay (copjier chloride) 
and copper green beyond. Bor. and Micr. — Copper reactions. 
CL tube — Water. Forms yellow-brown and greenish deposits at 
lower end of tube. Ch, — Similar deposits on the charcoal. 
Copper bead. 

10. Angite. (Ca, Mg, Fe) Si Oj with some Alg Oj and FejOg.* 
Fue, — ^About 3*5, Micr. — Silica. Add. — Can be just swatehed 
with a knife. Prism-angle of 87* distinguishes the pyroxenes 
from the amphiboles. 

11. ^nrite. 20u0 0j + Ou(OH)3. With HCI, 

copper colours. Fus. — 2. Bor. and Micr. — Copper reactions. 
Cf. Blackens ; water given off. Ch. — Copper bead. 
Add. — Effervesces freely in hot H 01. Distinguished from 
malachite by blue colour; from chalcanthite by absence of 
sulphur and insolubility in water. 

Baiytes. BaSO^/ /lums— Barium green. /i 4 s.-T-About 
3; commbnly decrepitates. CA^With soda, sulphur reaction. 

* Se« Hiates, MinMogitt Bd. il, p. 958. 
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>8peoi6c gravity = 4'fi> a obaracter noticeable even in Kinall 
Bpeciinens. 

13. BHonuth. Bi. Fw, — Very easy. 0, Fuses and 
forms white to pale yellow sublimate ; if pbtasdum iodide and 
Bulphor i^re fused wiUi it> a veiiuilion sublimate results. Ck^ 
Bismuth encrustation^ which becomes a strong red when potassium 
iodide and sulphur are added to the assay. These materials 
should be powdered up with the bismuth, f^ses to a brittle but 
sliehtly malleable bead, which does not mark paper. 

oiSQiathine (Bi^ S^) gives simiiar reactions, out with evidences 
ci sulphur. 

13a. Blende (see Zinc Blende). 

14. Bondte, Cu^FeS,. Flama — Oopper. Easy. J9or. 

and Micr. — Oopper reactions Fuses to a magnetio globula 

With soda, copper bends in a black magnetic residue (iron). 
Sulphur reaction. JMd . — Distinguished by purple-red tarnish 
from copper pyrites; yellowish .when freshly fractured. 

15. Brndte. Fus. — Infusible; becomes opaque. 

Cl. Water. CA.—'iVtth cobalt nitrate gives a faint mag* 
nesium reaction. Compare with talc and gypsum (see also p. 36). 

16. Oalamlne (SmithsonUe of Beudant). ZnOO|. CA.~Zinc 
encEHStation, which, with the residue, becomes a 6ne green 
with oobalt nitrate. Add, — Edervesces in H Cl. Oistinguisiied 
from hemiftio^bite (calamine of Brongniart) by not yielding 
gelatinous silica. 

17. Caldte. OaOO, (rbombohedrat form). Like Aragonite 

(but see p. 36). Specific gravity « 2 7 2. Perfect rhom- 

Ixdiedral cleavage, even in small fragments. 

1& Caadterite. .SnOj. AfiVr.— Often some silica. CA.— For 
encrustation and beatls, see p. 64. The metallic bead in O.F. 
oxidises and turns white, unlike lead or silver, defd.— Specific 
gravity = about 6*8, an important character when examining 
the dull brown pebbles of Streana Tin. Treated with HCi 
in a hollow cut in a block of zinc, a fragment becomes 
r^uced. to metallic tin ^on its surface, as may be seen on 
washing. 

19. destine. SrSO^. Strontium. CA.— With soda, 

aolphur reaction. Distinguished from gypsunv should 

the dame be doubtful, by hait^eks « 3-3*5 and specific gravity 
*s 3*95; also absence of wa^r, and insolubility in HCI. The 
lattbr character distinguishes it from anhydrite. 

20. Cm^ldte. PbCO^ /Tame— Lead. F«f.— Very easy. 

CL fttd^Beeomes vellow on cooling (lead oxide). CA.--Lead 
encrustadoti ; rapi^y reduced to metal. Effi^vescet in 
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hot H OL Specific gravity - 6'4 when crystallised, suggesting, 
in spit© of its appearance, the presence of a heavy meCal. 

20a. Chalcopyrite (see Copper Pyrites), 

21 . Chalybite. J’eCOg» Fu8 . — Near 5j bhwkens. ^or. and 
i/tcr.— Iron reactions Cl. iude. — Blackens; magnetic residue. 
CA, — Ditto. ilcW.— Effervesces in hot H Cl. , ' 

32, Chloanthite. (Ni, Oo, Fe) Asj. Fus, — Easy. F(/r . — Cobalt 
reaction. If nmch iron is present, the bead will be green when 
hot To obtain evidence of the nickel, prepare a large well- 
coloured borax bead and transfer it to charcoal; oxidise for some 
time; separate the blue gla^ from the metallic residue by 
breaking the bead, wrapped in paper, on the anvil ; fuse the 
residue again with more borax on the charcoal, and repeat the 
operation until the bead becomes brown (nickel) or colourless 
(no nickel present). To confirm this rAult, treat the residue 
DOW with microcosmic salt, which will show the characteristic 
yellow due to nickel in 0. F. If copper is also present, the 
microcosmic salt bead will be green, and will become red in R. F. 
on addition of tin. 

Where the quantity of nickel is small, a gold button weighing 
about 75 milligrammes should be fused with the borax bead on 
charcoal. Tliis withdraws the nickel and any copper, and, .after 
fusion with fresh borax to remove all cobalt, gives^ith mierp^ 
cosmic salt the nickel or nickel and cop])er reaction. 

The colours of beads thus treated on charcoal can always be 
examined by picking up some of the hot material on platinum 
wire. • Cl. Arsenic sublimates. CA. — Abundant arsenic 
encrustation. 

23. Chromite. (Fe, Cr)(Pe "', Cr^'^O^, often with MgO and 
Al., 03 . Fii ^. — Pmctically infusible; becomes magnetic in R.F. 
Far. and Micr. — Fine chromium reactions ; mingled with those of 
iron when hot. CA. — In R.*F. somewhat feebly magnetic re.sidue. 

24. ChrysocoIJa. Probably H^CuSiO^ + H.p, Flame — Coppef. 
/Va. — Infusible. 7Jor. and J/icr.— Copper reactions. In latter, 
cloudy silica. Cl. Hihe — Water ; becomes black, CA. — With 
soda, metallic copper, ddd.— With H Cl, separation of powdery 
silica. “Commonly some carbonate present. 

25. Cinnabar. Hg S. CL Black sublimate, which has a 
red streak. With soda added, yields globules of mercury. (7A~r 
Volatilises. With soda, sulphur reaction. With potassium iodide 
and sulphur, faint yellQW encrustation. Add. — Red streak. 

26. Cojialtine. Cn As., de Co S.^ ( == Co As 9). Bor. and 
Cobalt I'eactions. CL tube — Fuses. Arsenous sulphide, sulphur, 
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whit« oxidO) and eometiinei some metalHo arsenic.* 0. 

White oxide and somo sulphide. CA.*— Arsenic enoraitation. 

27, Copper (Chalcopjrite), CuFeS|. Obpper 

colours with II 01. PW.'^Sasj. Bor, and M%er , — Oof^ 
reactions ; green in 0. F. when hot, owing to presence of iron. 
CL sulphur. OA.^Fuses to a magnetic globule. 

Roast in 0. F., and then reduce ; a copper bead separates in the 
mass. Soda onij obscures (he reaction, ddii— H^uess » 3*5 ; 
easilp distingQished thus from iron pprite^ which cannot be 
scratched bj the knifeu 

'^ta. Copper Glance (see Bedruthite). 

28. ComndooL Al^Oj. PVia— lofugible. Jfwr. — Veryslowlp 

soluble; often some silica. CA — With cobalt nitrate the residue 
becomes pale blue (alamina). Hardness 9; S|)eci6o 

gravity ~ 4. These characters are both important when dealing 
with rough torms, such as the pebbles found in streams. Th<^ 
parting-planes are generally traceable even in these. 

2D. Ciyomc. 6 Na F + AJj F^ ( = Na^ A1 F*). Floma — 
Sodium. Fu $, — Very easy. Cl. ftt^—Fluorine reaction with 
sulphuric acid. Ch . — After thorough heating, the residue gives 
* nluroina reaction with cobalt nitrate. Add , — Fused with micro- 
cosmic salt oh a glass slip, leares a dulled and etched area when 
the slip has been washed and dried. Distinguished from fluo^ 
spar by its lower hardness ( « 2'5) and its easy fusibility. 

30. Cuprite. Ou^O. /Tama—CopperooJours with H 01. Ftu. 
— JBasy. Bor, and If icr.— Copper reaciioD 8. D. fu6s^ Blackens 
(On Oh CA— Copper bead in R. F, easily obtained. Add.-^ 
Soluble in H 01. Streak red. 

31. Dolomite. C^Aig(00|)^ Flame — With H Cl, ralcium. 
/’«j. — Infusible. Add. — In cold dilute H Cl (50 percent, water) 
effervesces very slightly, but freely when heated. Compare 
with calcite by putting a fragment of each in the same tube. 
For Lemberg’s test^ see p. 36. 

To the H 01 solution add slight excess of ammonia, and then 
solution of hydrogen sodium phosphate (1 part of the salt to 
10 of water). Allow to stand for some time. A mmutely 
crystalline preoipithte of ammonium magnesium phosphate will 
befonned. 

' Urn specific gravity of dolomite is about 3*85, calcite being 
f *73 ; the hardMes is between 3*5 and 4. 

Spfdoto* H OS) (Alf Fe)j Sij /W.‘‘-43hght|y more 
foamle Uian imtinotite, Inimnescee somewhat, ^icr. -^Silica. 
Adt-^-'SKdiam « 6‘5« tiiat of tiie amphibolee being 5*5. 
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S8 Bpwmtte (Epsqp Bal^. MgSa + 7Hj^O. -f'lo.— Very 
ouy, with, intumescence. vL water cobalt 

nitrate, magnesia reactioa With soda, soJpliar reaction. Add,^ 
Soluble in water. Bitter taste. 

33a. Embescite (see Boniite). 

34. Fluor-spar. Ca Fj. Ffeme—Oalcmra, &irly good. Fvm . — 
Decrepitates much, but finally fuses at 2'5-3 with ebullition. 
Cl tube^Flnorme reactions well given. Sometimes phoe- 
phoreocent iiddL— Fused with microoosmic salt on &, glass 
slip, etches the glass beneath. IHstinguished fix>m calcite by its 
superior hardness and specific gravity. 

36. FraiMDite. (Fe,Zp,Mn)(re'",Mn'") 204 . Infusible. 
Bor. and Micr. — Iron reactions. Ch. — Zinc encrustation, 
green with cobalt nitrate. Add. — Manganese reaction with soda 
bead. More or less magnetic even before reduction. 

36. Galena PbS. Flame — Lead. Fns. — Very easy. Cl tube 
— Thin whito-yellow sulphur sublimate. 0. tvhe — After strong 
heating, a distinct and characteristic heavy sublimate of lead 
sulphate forms as a white streak on the under side of the tube. 
CA — Lead encnistatiou fringed with lead sulphate. Metallic 
lead bead easily obtained. With soda, sulphur reaction. Add . — • 
Colour and cubic cleavage chai'acteristio, even in small fnig* 
ments. For Argentiferous Galena, see p. 66. 

37. Garnet. Common varieties represented by (Oa, Fe, Mg, 
Mn)g^Alj, Fcj, Orj)(SiOX Fus . — The common iron-alumina 
and hme-iron garnets fuse at 3. Micr . — Silica. Add. — ^The 
crystalline forma, rhombic dodecahedron, icosi tetrahedron, dec., 
are characteristic, and can be traced even in worn specimens. 
Hardness » about 7 ; specific gravity = about 3*5, but not safely 
distinguished thus £rom ruby (red coruudum). The low 
fusibility of most varieties easily distinguishes red garnets 
from mby, oircon, and spinel 

38. Q Wte. Fe 0 (0 H). FW— About fr Bor. and i/wr,-— 
Iron reactions. Cl tube — Water. Ch. — ^In R. F. magnetic 
residue. Add.— Soluble in HCl after some time. Streak 
yellow-brown. Crystallises, and has somewhat higher specific 
gravity than limonite (4‘2 and 3*8 respectively, averages being 
takenj. 

39. Graphite. C. FV«. — Infusible, Bor. — In R. F. gives 
dusky bead full of black flecks, resembling that due to 
molyodenum. Add.— -Sbils the fingers. Does not give tke 
yeUow-|reen flame of molybdenite, which has specific gr«vi1^ » 
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4-5, that of "rapbito being only 2. Graphite is a^so blacker in 
colour. 

40. Gypsm CaSO^^ 2H.jO. Culoium, with HCI. 

Ft*^. — Ala>ut 2*5. CL tithe — I«HX)mes white and opaque ; much 
water. Ch , — With soda, sulphur reaction, d (/</.— Hardness 
jp 2. Very slowly soluble in H Cl. 8ee Celestine. 

41. Hamatite, Fe^o^ AW. — Fusible on reduction in R. F. 
Ifor. and Mier , — Iron reactions. CL tube — Generally a trace of 
water, but far less than iimonite or gbthite. Ch . — In R, F. 
magnetic residue, ddd.— Slowly soluble in H Cl. Streak rod 
(highly characteristic, even of the black Specular Iron variety). 

42. Hemimorphlte (Electric Calamine). H.Zn^SiOj. /W 
—6. i/ter.— -Silica. CL Water.. Ch , — Zinc encrustation. 
Add. — Soluble in H 01 with formation of a stidf silica jelly. 
Commonly associated with some carbonate of zinc, which 
effervesces. 

43. Hornblende. (Mg, Ca, Fu^SiOj, with aome AIjO, and 
Fe^Oy* Like sugite. Frism-angle, however, 124*. Frequently 
in elongated prisms and even finely fibrous, as in asbestca. 

43o. Horn Silver (see Kerargyrite). 

• 43^. Hmenite (see Titanic Iron Ore). 

44. Iron. Fe. Fus. — Infusible. Bor. and .1/icr.— Iron re- 
actions. Add . — Magnetic. Soluble in HOI, giving yellow 
solution. Placed in a drop of aqueous solution of cupric sul- 
phate, becomes coated with metallic copper. Reduces the test 
a>)ation of ammonium molyMate, producing a fine blue colour. 

Rare except in meteorites : the cupric sulphate test has beeu 
applied to microscopic sections. 

45. Iron Fyritea (Pyrite). FeS^ /W.~ About 2. Bor. and 
Afier . — Iron reactions. CL rui^Abundant sulphur. Ck — 
Magnetic after reduction. Add. — Insoluble in H 01. Orystal- 
lises commonly in cubes. Distinguished from pyrrhotine bv 
more brassy colour, hardness ( = 6 '5), behaviour with H Cl, and 
pi^cttiarly by not being magnetic Wore fusioit Marcasite is 
slightly peJer in colour See Marcasfte. 

46. KaoHn AL /W.-»lnfuiible. dficr.— iStlica. 

CL teie— 'Water. <7A.— With cobalt citrate, a fine alumina 
rearfTon. 

47. Kerargyrite (Horn Silver) Group, f Ag(Cl, Br, 1), Chlonr- 
gyrite (Ag C^J is grey or colon rless. ifwr.— With coppr, 
chlorme reaetioD. CL Fused with potassium bisutphalei 

'SeefifintM, Minerato^, Bd. ii., p. 1146. 

* PHor and Spencer, iJin. J/op., voL slIL (1002), p. I7A 
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evolves H Cl. Ch . — Silver bead. Bromarg^rite (Ag Br) i« 
greenish-grey. Cl. ftibe — Treated above, evolves bromine. 

The species containing iodine are yellowish. 

48. Knpfemickel (Nickeline). Ni As. Fng.—Yery easy. 

Micr , — Fuse on charcoal, Cood yellow nickel reaction in O.F. 
If complicated by cobalt, must be treated as described under 
ehioantnite. €i Nt> ai-senic mirror. 0, tube — White 

oxide. Ch . — Arsenic encrustation. Add. — Insoluble in HCi. 
Copperred colour and II 5*5 characteristic. 

49. IiftbPadorite. For composition, see p. 173. Flame — 
Calcium and sodium, the former often overpowered by the 
latter. Fn $. — 3*5. J/>cr. — Silica. Ac/c/.— Slowly decomposed 
by HCI. Best treated by Szalxi's method. Specific gravity 

about 2*7. 

50. Llmonite. Fe^ 0,(0 H i,, Li ke guthite; but sj>ecific gravity 
somewhat lower alxiut 3’8). Not found crystallised. 

51. Magnesite. MgC'0_ /■»«,— Infusible. Ch. — With cobalt 
nitrate, fair magnesia reaction. Add. — Effervesces in hot H Cl, 
but not at all in cold (compm e Dolomite). (See p. 36.) 

52. Magnetite. Fe, 0^. 6. Bor. and Micr.— iron re- 

actions, Add. — Slowly soluble in HCI. Magnetic before 
reduction, attracting its own powder. Many masses show polar 
inagnetLBm of opposite kinda Oomparc notes on Titanic Iron 
Ore, 

53. Malachite. Cu C 0^ + Cu{0 K)^. Like azurite. Green 
colour highly characteristic. Distinguislied from chrysoco^la by 
absence m silica and by less porcellanous as])ect. 

53a. Manganite (see notes on Psilomelane). 

54. Marcaaite. Fc Sj, Like pyrite, but white when cleaned 
with HCI.* Readily decomposed on exposure to the atmosphere. 

65. Mispickel Fe AsS(= FeAs^ + FeSj). /Vw.-2. Bor. 

and Micr. Iron reactions. Cl. Arsenous sulphide and 

excellent arsenic mirror, 0. tube — White oxide. Ch. — Ditto. 
Munetic residue in It F. With soda, sulphur r( action. Add. 
— containing cobalt, difficult to distinguish from smaltiie, 
but contains far more iron, and is rhombic, not cubic, in crystal- 
lisation. 

56. Molybdenite MoS,. Molybdenum, resembling 

barium. Fuc , — Infusible. Bor. and i/tcr.?— Molybdenum re- 
actions. 0» tubs — Fwnt white molybdenum trioxide. Ck — 
White eueruitation, at some distance, when an unusually Uige 
* H. N. Stokos, Bull. C.S, Qtcl. iSemy, No. 186 (1000). 
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Maay is aaed ; this QB<»nutation at once turns a fine blue oolour 
when touohed with R.F, With soda, sul|>fiur reaotion. IIm 
product of the aoda^fosioDi boiled'Vith tin in H O, ot^ra the 
fluid greenish and final^ brown. Add , — Blaep>|to tint than 
graphite \ marks paper with a greenish Hrwk, 

h7. Hatiofite. Na 2 Al^i, 0 jQ+ 2 H| 0 . /^Mys^Strong sodium. 
iW.— 2. a<u 6 e— Water, ifior.^^ica. With HOI 

forms a strong sUicajelly. Hardness, like many zeolites, 0-5, 
but often appears less, through fibrous structure. 

58. Hepheline (Eiaolite). Approximately (Na, K) A1 Si O 4 , 
but seems to contain slightly more sUica. flaxtu — Sodium. 
/«a~3'5. J/ier.-<SiUca. deWL— With HOI forms a strong 
ailica'jelly. 

58a. Nickdhie or Niceolite (see Supfenfiokei). 

59. Nitre. K N O 5 . /Tams— Pine Fotasdum. iW — Very 
easy. CL tube — Fused with bisulphate of potash, givee off 
brdWD famea, well seen on looking down tube, CA^FIares up 
directly it is touched with the flame, forming potassiu m carbon* 
ate. dtif.— Soluble in watrr Characteristic taste. 

60. Oligochue. For cou)]> 08 ilioD, see p. 173. Flame — 
Sodium. FtML—3'5. J/icr.— Silica, defei— Specific gravity 
= about 2*63. Not decomposed by H 01. Best treated by 
Szabfi’s method. 


61. Olivine. (Mg, Fe), 8 iO^. /ta.^Infusible. Micr, — Silica, 
ddd — Most common varieties give a silica-jelly with HCl. 
Transparent yellow-green appearance characteristic. H s G * 7. 

62. « Orthoclase. (K, Na)AlSij 05 . Ffame — Often much 

sodium (Soda-Orthoclase). To observe the strong potassium 
flame, fuse in a bead of s^um carbonate and examine tliroogb 
5 mm. of blue glass (see also p. 85). 5. Mior , — SiUosL 

ddd.— Not decomposed by H CL Specific gravity ■ about 2*56. 


63. Pitchbleiide. mUO. + nUOj. /W.— 6. Bor. and if 1 ^. — 

Urmium reactions. In Jtfw., generally silica, defd.— Liable 
to give many reactions due to impurities of sulphur, copper, Ac. 
1%e fflicrooosmic salt beads are the most eonelndve- blowpipe* 
reaction. * 

64. PirottsUU. Ag|As8|(-> 3Ag.8. Aa|8g). iW^l. Bcr. 
and ifKr.*^ilver reactioua Cl. fn6c*~>Some arsenous sulphide, 
0. lube— White oxide. CA— Arsenic eucrustaUon. With soda, 
filviir bfid and snlphnr rfraiTtifrn dd(i<»*StreakBcarlet-v«rmtlioii 

mJlnaritte. 

Baiiiim » Mimnsiinrin rrirtinnii Water, 
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8otablo in ’HCl; chlorioe evolved, known by its sm^l. 
Beriain sulpbAle is osunlly precipitated on addition of H^SO^. 
Ifanganite Mn 0 (OH) U often crystallised, and yields no barium. 

66. Fymgyrite, Ag, 8b S|( - 3 Ag^ ^ . Sb, Sg). lake proostite, 
with antimony in plam of arsenic. (Jh . — Silver oxide encriistO' 
tion on antimony oxide. Add — Streak pnrplish-red (Mitra). 

66a. Pyrite (see Iron Pyiite^. 

67. Pyrolodln* MnO,. Infusible. Bor. and Bier. — 

Manganese reactions. CL <u5e — Commonly a little water. 
Evolves oxygen, a glowing splinter of wood inserted in tube 
b^ingre-kinfied as each pnff of gas arises, ddtf.— Soluble in H Cl 
with evolution of chlorine, which is known by its smell. 

68. Pyromorphite. Pb^(PbCl)(P 04 )y /7o»i«~Witb sul- 

jihurio acid, phosphorns reaction, the green flame snrronnding an 
inner blue one aue to lead. Very easy. J/wr.— With 

copper oxide, chlorine reaction. Ch . — Wiiite lead cliloride en- 
onistation^ nearer assay, lead ditto. In R. F., metallic lead. 

69. PyntlOtine. FeS witlt some additional »S. Fm. — About 2 
Bor. and J/ticr.— Iron reactions. CL ivhe — Scarcely any aulphw. 
Add. — Soluble in HOI; evolves H^S on boiling. Magnetic* 
before redaction, and attracts its own powder. See Iron J^ntes. 

70. Qaaiis. SiO*. /W. — Infusible, iftcr*. — tXndissolved. 
Ch. — Fuses readily with soda ; cobalt nitrate added to the pro- 
duct produces a deep blue glass, as in ordinary fnaible silicates. 
ddid.^Hkrdness = 7 ; specifii. gravity only 2*65. 

71. Bedruthite (Copper Glance). Cu^S. F/afna— With* HCl 
copper flames. Fu$. — About 1'5. Bor. and ificr. — Copper re- 
actiona CL ivhe — No sulphur. Ch. — With soda, or when 
roasted in 0. F., metallic copper. With soda, sulphur reaction, 
dd(i->Sectile. 

72. Bhodonite* MnSiO,. Ftta— About 2-5, ^or. and if icr.— 
Manganeae reaeUona In latter, silica. Add. — With HOI 
commonly effervesces, through presence of some carbonate, but 
is only^iil%htly deoomposed. 

73. Boek-aalt NaCL FTome— Intense sodium. Fu $. — About 
1. Jfsor.— With copwr, steong chlorine reaction (p. 61). ijJi— 
Soluble ui water. Taste oharaoteristic, but similar to sylvine. 

74. BntUs. TiOy /W,— Infusible. Bof. and Mwr.— Good 
tiitanium rMOtions, Barely soluble in latter. C^^The soda- 
reeidue^ Wiled with tin in H 01, gives a strong titanium reaetkm 
upon standing. 
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75. Sal'UnmooiftC. NH.CI. /W.— Swells up and voUtilisos 
without fiisioQ. i/ier. — Witli copper oxide» chlorine reaction. 
Cl. tub 9 — Volatilises, forming dense white sublimate and fumes. 
Add, — Evolves ammonia, known hy its smoll, when pounded up 
or fused with sodium carbonate. Soluble in water. 

T5a. Siderite (see Cbalybite), 

76. Smaltine. (Co, Fe, Ni) As^ Graduates into ohloanthite; 
richer in cobalt (see Chioantbite). 

76a. Smithsonite (see Calamine). 

77. Soda-Nitre. NaNOg. Flame — Strong sodium. Fut.^ 
Very easy. CL tube-~'Fmm with bisulphate of potash, mves off 
brown fumes, well seen on looking down tube. (74. -^Flares up 
like nitre. Add. — Soluble in water. Saline taste. 

78. Sphene. Ca Si Ti 0.. Fus. — Fairly easy. Bar, and Micr. 
—Titanium reaction. Silica in latter C4. — The soda-residue, 
boiled with tin in H Cl, gives a clear titanium reaction. 

79. Spinel (Mg, Fe) (Al^Fe^) 0^. Fus. — Infusible, thus differ- 
ing from similarly coloured garnets. Add, — S{>cci6c gravity less 
than zircon (about 4*0 and 4*5 respectively), Sw notes on Zircon. 
• 79a. Stibnite (see AntimonJte). 

794. Stream (see Caasiterite), 

80. Strontianite. SrCOj. /7ams~Strong strontium. Add . — 

Effervesces in cold H Cl. Even very dilute solutions give, on 
standing, a precipitate with sulphuric acid. Compare with 
aragonite or and see p. 36, 

81. Snlpbnr. S. iVams—Burns with a blue flame. CL tube— 
Volatilises, giving sulphur sublimate. 

82. divine. K C). Strong potassium; otherwise liko 

rock-ealt 

83. Talc. H^Mg. (SiOj)^ iW. — Infusible. The lauieilB bend 

away from one another during heating. Mier. — Silica. CL tube 
— A little water. C'4.--Wit]i oibalt nitrate, a fair magnesia 
reaction. Hnrdnees clearly Yess than that of micas. 

83a. Tinstone (see CassiUrite). 

84. Titaoie Iron Ore (ilmenite and titauiferous magnetite). 

mTiFeO| -I- nFe,0|. Fiu.— Practically infusible. 
]^or . — Iron reaeUons. Mier. — Iron and titanium. CA. — in 
K. F. magnetie residue. The soda-reaidue, boiled with tin in 
UCl gives a eatiifisotory titamum reaction. Some specimens 
are msgnetk before rednetion. ^ 

85. Topu. (F, 0 H)2 Al|Si 0^. (See Qroth, Tab. CsAsrimAl, 
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1898, p. lie.) — Infusible. Micr. — Silica. CK — With 

cobalt nitrate, aluoiiJia reaction. Add . — Fused on glass slip as 
described on p. 62, dulls and etches the surface. Distinguished 
from quartz by hardness = 8, specific gravity = 3*5, and presence 
of good cleavage (basal). 

86. Tommaiine. For composition, see p, 183. Some 

specimens give boron fiame when fused with fiuor-spar and 
bisuphate of potash. /W.— Various, but often easy. Micr . — 
Silica. Add , — Distinguished from hornblende by hardness = 7, 
and very common occurrence of trigonal prisms. 

87. Vivianite. Fe,(P(X)2 + 8H20, /Ya7?ie— With sulphuric 
acid, phosphorus. F%u. — Easy. Bor. and Micr. — Iron reactions. 
Cl tube — Becomes white; gives off water. Ch. — Magnetic 
residue. Add . — Soluble in H Cl. Reduces the ammonium molyb* 
date solution, the blue colour mingling with the yellow precipitate 
doe to phosphoric acid. Blue colour characteristic, but alters to 
brown, becoming then red by transmitted light. Blue crystals 
strongly pleochroic. 

88 . Websterite. (AlOi^SO^ 9H2O. AW.— Infusible, Cl. tube 
— Much water. Ch. — With cobalt nitrate, fine alumina reaction, 
With soda, sulphur reaction. Add — Soluble in H Cl. Specific 
gravity « 1’66, Alonite (KjAI^jSiO*, + fiHjO) has higher* 
hardness and 8|>ecific gravity, and is iusduble in H Cl. 

89. WitheritC. BaCO^ Flame — Barium. Fite. — 2. Add . — 
Effervesces in H Cl. (See also p. 36.) 

90. Wolfram. (Fe, Mn) W 0^. AW.— Decrepitates, but fuses 
about 3, Bor. — Iron and sometimes manganese. Micr. — Iron 
and tungsten. Ch. — The soda-residue, boiled with tin im H 01, 
gives a fine tungsten reaction Add . — Carbonate of soda head 
gives manganese reaction Lustre and cleavage characteristic. 

91. Woliastonite. Oa Si O3. Flame— Tme calcium with H 01. 
Ftta . — About 4; glows strongly. Micr. — Silica. Add — Gives 
a silica-jelly with H Cl. Some carbonate often present. 

92. Zino-Blende (Blende). ZnS. Fiw.— About 6. Cl tube— 
Thin sulphur. Ck — Zinc encrustation, at times excellent with 
cobalt nitrate, poor in other examples; best produced when 
speoiden ia in K. F. Some varieties give cadmium encrustation 
Often magnetic residue. With soda, sulphur reaction. Add , — 
Soluble with effervescence in hot H 01, sulphuretted hydrogen 
being evolved. 

93. ZliGon. Zr Si 0^. AW. — Infusible, Ch. — The soda* 
residue^ after thorough fuaion, treated in a dish with hot water, 
gives aBnndant minute hexagonal platy crystals (zirconia) and 
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Tl)oab<^edfa (f iodio droonote). Sift&tioo on gbM il^ Mdor 
microwx^ p^er roagaifying abont iOO diam^wa. For 
oii88i<Hi A (hu reactioiti see 4 laar^ J F iwIr aiia dmMoe^ 
(1888), p. 117. If the aoda and the airoon aro not finely pnb 
TeruM together and oompletelj fiued, a reetdne of siram 
mente alone spears. See notes on Genet and Spinel* 4l 
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OHAPTKB VIII. 


QUAirmiriTn fnAHn-Biionons or tub frlspabs abd 
thub allies. 


J^ROF. SzARd of Bnd^pesl 1^ inakinff more preeiie certain flame* 
H»c^ iadicMad Bnnno, deTelop«d in 1876 a new method 
w the detmninatbn of |be fidapusand allied 'eilieatee fennd 
ineosnimm toekio Praetioe hae ai^n and again ehowa ll^ iiie 


^•UAor Metimde ^ FUdspaibe aaeh k QmUlam n 

PkattUaVaniii, Badapeet 

An^yhartoecra la ^ AuMKcoa 4itoe,/or AdnmtmtMf 
toL zrrL,J 861 witlteel ittasMIcMia ^ 
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^MrvAttOUS SUuU in ibis wanner in the Bunsen- flame are as 
rolialiie as iliey an sample and exi)ediiioua Qas b required, 
tat • oawmr workinj; on typical minerali with a btat- 
kBD iright no doubt profitably construct a table of reactions 
Witt which to compare tlie rcaulte given in the snrae flame bv 
aijindetermined specimens. ’ 

Tta Bunton-burucr used by SzaU lias a tube of 1 cm. 
oiweter. A three-rajed support^ screwed on over the upper 
mid until it rests 3 cm. below tlio orifice, carries a removable iron 
cone 6 cm. high, 5*3 cm. in lower diameter, and 3 cm. in 
diameter above. 

The flame is 13 to 14 cm. high when the cone is not employed* 
The position of highest temperature, the /urion-p/oc®, is about 
one-iourth of the total height of the flame above its base. 

The particle of felspar or other minci-al to he tested must be 
of a bulk and about ibis size • when hised to a globule ; 
j,|t y st oe carefully selected from a roughly powdered sample of 
of which it forms a psvt, and must not be touched by 
nor immersed in water that is not distilled. The lens 
as usual, be used in the selection of such fragments, and 
'4^6 character of their cleavage can often bo noted as a pre- 
liminary. Should the mineral fly to pieces in the flame, Szabd 
recommends that a sample of the mineral should be allowed to* 
decrepitate by heating in a closed tube, the fragment Anally used 
being selected from the material thus already broken up. 

The particle is supported on a platinum wire of about this 
thidcnesB — — ' of which 1 decimetre sliould weigh only 32 
milligrammes. The usual small loop is made at the end of the 
wire. 

To Mcurs Ukt particU oh Uto a matter which some workers 
have found troublesome, but which need cause little annoyance 
conddering the ease with which the observations are finally 
made, Szabd's directions should be carefully followed. Dip 
the wire loop in dUtilled water and touch^he granule with it, 
quickly raising it, so that only the upper surfoce b^mes wetted ; 
turning the wire, the ilry sui^ce of the particle comes upwards. 
Bring it in this position gradually near to the base of the Bunsen-, 
flame^ the water thus drying off slowly ; a card should be held 
besemii the Specimen to catch it if it becomes shaken off. 
FInaUp lei it enter the flame and remain there for two seconds, 
the amfooe in most cas^ becoming fused to the platinum wire. 
The wire can be supported in various ways in the flame, the 
Mooted being in the outer envelope at (a) the base of the 
flanuh i^) at 5 mUlimetros above the liose, and (6^ fusion- 
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place, ftboot 5 rom. above the tojp of the iron cone. The prerat 
writer has described the following support m odS that praotioe 
has shown to be useful.* (Fig. 9.) 



A small gallipot, such as is used for Liebig's extract, forms a 
case that is clean, strong, and adequately heavy. A brass wire, 
about 3 mm. in diameter, passes Uirough ihe oork of this, and 
rises 15 centimetres above it, carrying a stout oork A, which am 
* be slid up and down to any level A steel wire or knitting- 
needle, some 25 cm. long, is pushed horizontally through A, the 
lost 7 cm. on eitticr side being then bent forwara at right anglesi 
Two small corks, B and B', arc earned by the |tanillel anna thus 
formed, and support, by means of a knife-slit in the top of each, 
the fine platinum wires employed B can be slipped off the steel 
wire^ the mineral fragment can be attached, with Frol Szab6*s 
precautions, to the platinom loop, and the canier replaced 
without fear of loss by Jarring. B" can be used for a ^ype- 
specimen to be compart with that under examination, the wirta 
on both corks being adjusted to exactly the same level, and one 
or other being brought at will into the flame. 

The oork A being set aj^roximately at the proper height, the 
rotation of the steel wire within it moves B and B' equally in 
vertaeal plaaes, and gives a delicate means of fine a4justmeni 
To secure uniformity of position in successive experiments, tlie 
platinum lotm carrying the ipedmai is brought to the exact level 
of the top or the Bunsen-burner, or to the level of the top of the 
iron cone. A siiuill plate of wood, C* of the tluchness of 5 mm., 

* *'Oa a apparatss for flamo-r«sciiofta*' (feoiot/ictU ^aestisi, 
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b lUd t^ttr the gallipot, Uie specimen being tbu raised to 
f^e poriiioiisldopted by Prof. SraU, without any of the diffi- 
coltbs tiiat 4^ten uiie from the jarring or stifi&ess of motion 
in mbre elaborate snpporta. * 

The djme&i^na amve giyen are those adapted to a Bunsen- 
burner m ordinary height and ordinary diameter cl base. For 
piidking, the erection can be 'take^ down, and the 11-miUimetre 
fdate 8^ the smaller corks can be kept inside the gallipot tUl 
reauired. 

Obsnmtion of Foflibility.-^ThU forms the l^t reliable 
of l^bd’s reactions, as a temperature slightly under 
that of his standard flame makes the species seem equally 
difficult, to flue. The scale is unfortunately numbered in 
the reyerse order to that of von KobelL It is here sim- 
pUfiedj the numbers refer to the result obtained, whatevei 
phrt of the flame is used ; thus, a mineral may have a fusibility 
of 1 in the point b and of 3^ in ^e point e. The product 
must be examined with a lens. 

0. Infusible. 

1. Edges and cornera abne rounded, 

3. General form unaltered, but edges, corners, and 
faces fused. 

3. Form altered, but not to a globule. 

4. Fuses to a globule. 


The^ (sms of Aeoritia is in ea^ observation one minute, the 
specimen bebg tried first in the position a (base of flame), then 
moved to h (5 mm, above the base), then to c (5 mm. above the 
iron cone), notes being made of its appearanoe on withtlrawal 
from' each portion of the flame. 

Oftbtmmafiott of Sodium and Fotasshim^Heid in positum h 
(flrst row, flff. Ifl), the assay imparts a certain (Wree of ooloura- 
to the name. Five degrees are reoognisedi ^o^ 8 being the 
most intense. The observer,"" with a drawing of diese degjpeeg 
before him, notes down the; figure corresponding to the flaine 
given bv his assay, and picks up an indigo prism or oobaU dasa 
5 through wh^h he views the fii^e with thd o^eot 
pf^^ifimoting potassium. Three degraes of the dmraoteristie 
vSilffii^^fime may he diatingmshed by agoo<ii^ Howeet row, 
% 411 this can be done in the one miuite as^ed to th^ 

oSsertation ; al its expiry the wire ii with^wn\nd ,the degi^ 
ofjhrioa alio noted. 

^e pone is put on and the same raray 
(usioii-^R^e. In tme minute milar plmscilg^ ao£m 


8a 




Of ra.% fmfm 


W 

ahoald be slightly stronger than in b, the degree 3, for instance, 
DOW representing an intenser flame than 3 in the preyioos 
observation. 

The assay is mow dipped in distilled water and then into 
powdered gypsum, which thus adheres to and surrounds it On 
reheating in position c, the gypsum assists decomposition, the 
sodium and potassium being converted into sulphates. The 
observation should be made when the as 'ay h^ been two 
minutes in the flame. 



It is unnecessary to observe the sodium reaction except as a 
check ; but the potassium flame is intensifled and four degrees 
arc distinguishable (fig. II), No. 1 representing a quantily too 
minute for previoim detection. See, however, p. 85. 

IDetermination of Calcium. — The lime in felspars and allied 
minerals can generally be inferred from the diminution of the 
soda and potash ; but its flame may be seen as follows ; — 

Put fri^ents of the mineral in a glass tube with cold con- 
centrated hydrochloric acid sufficient to completely cover them. 
Oloae with wax and leave for 24 hours. Then open and plunge 
in a fairiy thick platinum wire, coiled at the end. The drop 
thus hjrou^t out is held in position b, and the first colour^ 
observable is due almost entirely to the calfliuln. A direct- 
vision spectroscope shows the red, orange, and green lines dis- 
tinctly. The fiames due to sodium, potassium, and lithium 
follow in order, and the degrees observ^ during this operation 
often serve io distinguish minerals in which the actual percent- 
age of EAda, dec., is the same, a higher d^ree being shown by 
tposo more easily decomposed by acid. 
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t>6twee& which the mineral muet lia These reactioiis, })erfonned 
upon mmote grams, ami ocoupying altogether about ten miimtes, 
ha?e a great v^e to the glblogut^ however simple they may at 
first appear to the chemist^ mindful of his refined but len^y 
^bhoQs of analysia ^ 

TIEhe determination of potassium in Uie flame m rendered easier 
tim following process,* which of a complete decouiposi’ 
tSm of the silicate, and which is fitofieoted by Uie presence of a 
sodium flame. On a loop of platinnm wire, *3 mm. in 
diameter, form a bead of sodium carbonate, and view the flame 
given by it throngh 0 mm. of bine glass to iee that no potash is 
present Moisten this with water, and pick up about 2 cubic mm. 
of the mineral — Le , about twice as much as is used in Szab6’8 
process. Place the wire on the support in the position c, 5 mm. 
above the cone. The specimen does not tend to fall off, but ie 
soon attacked and dissolved. Leave for two minutes by the watch. 

Then observe the fiame through 5 mm. of blue glass. The 
bri^t sodium flame is cut o£^ except for a marg^l column, 
which comes through blue. If potassium is present, it is revealed 
by a pink-violet inner fringe to this blue column. Judging from 
its extent and also its intensity near the assay, three grades can 
be established. 

Grade 1 ^ about 4 per cent, of potash. 

II 2 ® . II 

„ 3 „ 12 „ 

The ease of manipulation in this method, and the completeness 
of decomposition, seem to recommend it It is also of service in 
oxumming the glassy or fine-grained groundmasses of i^eous 
rocks. All tme orthoclases flUI in gr^e 3 ; bat each observer 
should establish the grades for his own eye upon specimeua 
already known. 
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UUUIKATIOK OF TUU OPTfOaii PB0P£BTIK8 OF KIKBSAIA 
Ill a book written for the geologist rather than for th<^minei>b 




bo OF lilMERAU. 

ordinary microscopic sections is stated in Chapters xvi. and xvU. 
It will be well, however, to indicate at once some of t^e tern.H 
that may be employed ixt describing the phenomena then ob* 
served.^ It has long been ooatomary to introduce into UiMe 
terms the hypothesis of an incompressible ether, of elasticity 
variable wil^ the direction of its displacement; bat, at Mr. 
Fletcher has pointed oat, changes of view as to the natare ol ‘ 
the ether have rendered such phraseology undeslrahle. 

If we take a plate cut from a doubly refracting crystal, bul not 
perpendicular to an optic axis, and cause a ray of ordtuaTj light 
to strike it in a direction peqyendicular to its surfisce, this ray, on 
entering the crystal-plate, is split into two, which respectively 
vibrate in planes that are perpendicular to one another. The 
traces of these two planes on the surface of t)ie plate may 
be called the ^bration-traces for that particular section. They 
have also lieen styled the ** vibration 'directions,'^ and directions 
of greatest and least elasticity," for that particular section. 

The ray corresponding to one of these traces is propagated 
with greater velocity than that corresjK^nding to the other trace, 
We may call one tracr>, then, the Ikst-ray vibraiion-trace, and the 
other the slow-ray vibrAtiOB'traceti or “fast-ray trace" and “slow* 
•ray trace" where shortness is desirableL These correspond to 
Prof. Groth’s “vibration -direction of greater light-velocity,” and 
“vibration-direction of less light-velocity and to then', and n'^of 
MM. Michel I«evy and Lacroix who distinguish the directions as 
those of rays with smaller or greater refractive index respectively. 

It is of interest to observe that the vibration-traces represent 
the d^^tioDS of the axes of the ellipse which is formed by tiic 
interaection of the plane of our crystal plate with the optical 
indicatrix, or surfacn of reference for rays propagated in any direc- 
tion in the crystal The vibration-trace of the slow ray oorre- 
spnds to the long axis of this ellipse and vice ver$^ and 
the lengths of the two axes are proportional to the refractive 
indices for rays of the same colour vibrating parallel to them 
respectively, and travelling normally to the surfoois of the plate. ^ 

* For a dweasiinn of ihe pnaciplet utMlorlying the optical promrtMS ot 
mioeniU. ibe ttt«h»r shoaM sp^ally oonialt Fletcher's Optkai fndidatrix 
(Ifia vol ix., 1891 P- issnod as a separate work, revised, 

poblitiied bf H. Frowde, 1891^; Mierv, Mintruiog^, 1902$ Tutton, 
OfgataUographg, 19! I ; and Qroth, PhgtikaiUcht KrffittdiogmpHUt 3rd or 
laut edition. 

f I am iodeUed to Sir L, Fletcher, F.R.B., for genets htip ia Uw 
diacusliia and aeiecUon of the above terms. 

Xtu Miniram da ftotha, pp. 3 and 4. 

|Or, as Sir L. neteher mnemoaicaily puta it to ms, the loum traee is 
tiie iooger-tisM vihration-trsoa 
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The iadicairix of a biaxial crystal U aa ellipsoidj (he three 
axes of which, perpendicular to one another, hare d liferent 
lengths; it has three planes 6 f symmetry, each of which contains 
two of the axes, and is perpendicular to the third axis. If a ray 
of I 4 ;ht is propagated.along a Une, other than an optic axisjlying 
in otUM>f these planes of symmetry, it travels with one or other 
two difr»^rent velocities. In one case the ray vibrates per- 
pendicularly to the plane of symmetry, and therefore parallel to 
Uia axis which is perpendicular to that plane; the vibration- 
direction in the otiier case is parallel to the plane of symmetry. 
The velocity of the former ray is constant, in any particulai' 
crystal, whatever the direction of propagation of the ray may 
be within the plane of symmetry ; its refractive index is also 
constant, and it is, in this respect, an ordinary ” ray. 

Tbefe are, however, three different indices of refraction for 
the tlkree ordinary rays that correspond to the three planes of 
symmetry respeotively. Seeing that rays of the varions colours 
composing white light suffer refraction in different degrees, these 
indices are determined with monochromatic light, the sodium 
flame being generally used. They are styled the pnnclpal indices 
of refiraction of the crystal. The smallest is usually designated a, 


or of French authors ; the mean is or ; and the greatest 
is 7 , or Since the value of j3 is not the arithmetic mean 

between a and 7 , the result of - ^ is employed to express 



the average refractive index of the mineral. This may be briefly 
termed tlie refractive index of the mineral.” A very high 
refractive index for rock-forming minerals is 2-712, that of 
rutile ; while 1-433, that of fluor-spar, is a low refractive mdex. 

By definition, the axes of the optical indicatrix of a biaxial 
crystal are proportional to the principal indices of refraction ; 
the length of the shortest axis is thus expressed by a or that 
of the mean axis by ^ or and that of the longest by 7 or 

In the case of a doubly refracting biaxial crystal, tliere must 
be one section in which the difference in the velocities of the 


slow ray and the fast ray, tiavelling perpendicularly to the faces 
of the plate, is aa great as possible for that particular mineral ; 
such a section contains the longest and shortest axes of the 
optical indicatrix. Consequently, the float ray for tiiis secUon 
will be the ray of least refractive index in the crystal as a whole; 
and its direction of vibration will be that of the shortest axis of 
the indicatrix, the German r, or the **axis of greatest elasticity” 
of ^0 older elastic theory. The slow ray for such a secUon will 
timilarfy be tiie slowest possible ray, or ray of greatest refractive 
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and ito Tibi^QiHilreQtkHi fill agree with tlio loqgeet 
aiis ol the mdicatrix, with tl^Q«niiaii i; or the ^ 
least the ol^ elaaUimet^. ti W 

In vnkx]af«r7«tab---ii^, er^e^ ol to ekxaqok AI 4 tnteotAL^ 
and tcmooHAt miaiiia-^y aecilkai pai^l to idm miiiei|NJ 
axis (^0 axle) of the eifstal ooniains titeae two dirocMoi^iBne 
ol whidi oorreipoDds to the {Hrindpal ask, and the other to an;^ 
line perpendietilar to it; and eudi a seetaon ia xeqinteddii 
deecrioiiig the <^Uoi} j^pertiee ol a mineral ol any of these 
aystemarii 

If the prindji^ azui ii.the ribration-diredSon for die slowest 
ray, the oryatid ii ealied if iSr die kstest ray^ It is 

esllediw^s^ ^ 

In biaxial crystals, the section coniaining dbe lon{^ am| 
shortest axes of the in^eatiix is always the plane d tha optic 
axes. Two of the axes of % indicatnx the acute and 
obtuse anglee between the optic axes, and sew therefore styled 
the oeale and aShue hitectrieei respectively ; they are necessarily 
perpendicular to one another. If Uie vibn^on^direotion for the 
slowest ray bisects the acute angle between the optic axea the 
crystal is ^ed jwdiwi; if this angle ia bisected by the vibration- 
directioQ of the fostest ray, die crystal is cdled neg(Uiv$* 

* In (fystals of the xbombic s^em, the axes of the indioatrix 
are coincident in direction with the crystallogrsohic axes, and 
the opdc axial plane is girsUel to one of the three planes of 
symmetry of the csystaL The vibratioiHliiyctiona for the sloweet 
and fosteai rays coirespond to those of die two oystallo^^k 
axes that are contained in a section psnllel to the optic axial 
plane. • The third axis, perpendicular to the plane of tbu section, 
18 the French the Qerman h, end die **sxi 8 of mean dss* 
ticity ” of the older elasde theory. For the section containing h 
and I, h will coincide with the slow*rsy vibration-trsee ; bat for 
|hat oontaining b and (, b '*riU ooincim widi the fast^y vibra> 
tion-tiaoe. 


In «rystals|d[ dm 110*00^ system^ the optic axial plane is 

either pardplKt^i^*!^ t(> d^ 

— Is s g a ^^p i e petpMidicuisr %dus. In the luin^ diSi the 
its ei^lei i#h the VerdesL cfystalhm^lo ajus, 
r dtlbent ndnend nedes. In the leM cssCrinie 
riu^pending either to g or 
I hi direelion with die oidiodfoguimlj 
t the brace of the plipa t^i^mxiietij^ ^ i 

m m^ theas k ho itdst^ .Mwicii % 
Ihidiatrli sad those of eiysyii pyl i k lw^ 
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tenii% w ^li«d to ofTetol-seo^oiiB, may now be lammed 

diFectian of TUmtion for rays of 
least iwfiotN^iiide^ and greatost T^odty, the direotton of pto- 
iptffASum perpeodioolar to ttie section ; ■ ^ axis of greatest 

* ttowMtni vibraifoa-tnae « dueetion of ribration for rays of 
greateto in^x and losst relomiy, the direction pro* 

pagation bekig perpendionlar to the section axis nf least 
elmei^.** Symbol ^ y, or * 

It sh^d be remembered iitX the two Utter ^bols in each 
esse r^HfOsent aotnal numbers, which are the refiractive indices 
for rays Yibratin| parallel to the directions for which they 
reSpecthtoly stand. 


While the appli^ons of the optM properties of mmerals will 
be dealt wito m conneetion with the microscope (pp. 141 to 153), 
yet one important property may be treated here, since it can h9 
obsenred in ordinary specimens, without the use of sections. 
This is tile phenomenon of pleochroism. 

FieOQhrolani.~-8everal minerals which are colonred^ and yet 
fairly transparent exhibit their pleochroism in ordinary cryst^a 
When held up betwoen the eye and the light, either in the 
fingers or oemented to a little stick, and turn^ about in various 
directions, a chan^ of tint may be perceptible according to the 
diveetion in which the light traverses the crystal Yiviaitite 
a^ transparent andidusite can easily be exunined in this way. ^ 
The extreme colours thus observed are the “ faoooolours '* 


(FUkhenJmhw) of Haidinger; but the “ ara-colours ** (iixeiv 
,/bffiefi) prove witii more oertointy that a mineral is pleochroic 
und dtutole one to correctly describe its eharacters. The colour 
of any hx is, in foot, comjmunded Of the oolomrs of two groai>a 
of rays into which the fight entering the crystal has been 
divided Brewster* in 1819 passed polarised light through a 
number of specimens, noting tim extreme^fierences of tint pro* 
dhoed by briogins dUfoirent directions in the ^crystal paraUel to 
the plane of pimitive polaritotion." This U the method now 
91^ use in observing the axU-colonrs ^ imnerals in micr^ 
Bcolde sectimis (see p-143). Stidinger,! howevt^, by his 
IHdbrOI^^ {dmro^pU^ made botii the axisoolouts 

an* Sm also Pbgg. dxa., 

kWi (UMI, 4. . 
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visible at once. This instrument can be easily obtained, is very 
portable, and proves in many casc^valuabie in the examination 
of transparent minerals, sucii as g^s, 

A brass tube, some 6 cm. long, encloses a cleavage prism of 
calcite, the longer edges parallel to the axis of the tube. On 
each end of the caldte is cemented a small glass prism of about 
18*, vrluch makes the temtirnd surfaces vertical and prevents the 
rays from being so strongly refracted as to necessitate a stouter 
instrument Prof. Church states that as an alternative method 
the ends of the calcite may be cut off perpendicular to the longer 
edges. 

At one end of the tube is a magnifying lens, at the oUier a 
small square aperture, the image of which is sharply seen 
through the lens. But this image is doubled by the calcite; and, 
if a pleochro’c mint-ral is held against the aperture, the two 
squares seen will be of diffuent colours. The mineral must be 
viewed in some direction other than that of Bn optic axis, and 
must be turned about until the maximum difference of colour is 
observable in the two images of the square, in which case the 
vibration-tracee of the two groups of rays emerdng from the 
crysUl-faee are parallel to those of the Cidcite nionibohedron. 
Consequently the rays of one group are already vibrating 
prallel to one of the planes into which the doubly-refracting 
calcite would tend to bring them ; these rays therefore are not 
doubly refracted by the ciddte, but come through to the eye 
entirely in one of the two images formed. Similarly the other 
set of rays from the crystal, being at right angles to the ilrst, 
comes through entirely in the other image formed by the 
dicbroscope. Thus the colours due to each set are completely 
separated for examination, and this will again occur on rotation 
of the dicbroscope through 90*. 

It will be remembered that uniaxial crystals are dic/irotc and 
biaxial are (ruhroic. Thus, if a prism of beryl or tourmaline is 
rotated about its longer axis, no change of face-colour will bo 
perceptible to the eyef and, a far surer test, the colours of the 
two squares seen with the dichroscope remain respectively the 
same and at their maximum difference. But if a biaxial crystal, 
such as topaz, is thus examined, changes will take place in tho 
axis^lours as different faccf arc viewed. Such observatious 
should, however, be conducted on cylinders or on sections of 
equal thickness, and the complete determination of the obarootcr 
of the pleoclifimsm of a partieolsr mineral is beyond our present 
aim. But the mere fact that a. mineral is pleoobroic is often of 
conshlerable valua Thus garnet and red spinel may be die 
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tingaiihed from ruby, minerals of the cubic system being 
optically similar in all direg^ions, and consequently exhibiting 
no pleqchroistD, while ruby gives pink-red and yellow-pink 
axis-colours. Glass imitations of emerald, ruby, or sapphire 
may be similarly detected, and this too in cases where the 
nature of the specimen renders other tests undesirable. * 

Dr, Lang has 6ttcd a cap to the end of the dichroscope that 
bears the aperture, capable of rotation in various directions. 
The mineral is fixed by wax to the aperture in this cap, and can 
thus be oriented in regard to the instrument (Groth, Krystallo- 
graphUi ed, 3, p. 154). 

We may note in conclusion that Haidinger's first experiments 
were conducted with a plain cleavage prism of calcite, at one end 
of which a stop with a square opening was placed; and such a 
prism, costing a few pence, and t\ card with a bole cut to suit, so 
that the two iniagf^s fall side by side, serves all purposes ol 
ordinary observation or demonstration. The dichroscope can 
now be obtained from London mineral-dealers or opticians, at 
prices varying from about 15 to 20 shillings. 

*Kor observations on pleochroisui, soe T. Crook, Min. Mag.^ vol. xvi, 

(lWlbp.L 
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** At for th« tttllb, a a dttat rt fc it it tonii tp «t it were faj ire. The 
iteiiM theiwf m the vUm of auiiiiire^ and St Intb dyit of gQld."-»!nt« 
Book^Jab, 

** No tnwMMBt caw w^ood to deflno tod teptnU tboee oldeeto wltioh 
<hekaadoCiMrtbato«tlwrdrifakedi»orwp«nMd.”--JoiiJi Maooaudos, 
AO^iiogkaChmficatbm ^ 
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niTW>DC€tOftY. 

While e miiim) may be to » Iei^ extent dieenseed end 
determined in tbe,lab<Mrmt(»7, s rode, oontideiwl ee e pert of the 
eertli*K emit, end not it e mere ejmn^ete of ohmnlcd oompoondi, 
retjoiree e rei^ knowledge m ite mode of ooeommee before 
it Gen be properijr treeted m end described. In foot, efter e 
study of e number of typo^^rndmens, the student k reoommeuM 
to go out to aome w^deeeribed distriol^ end to endeevour^ 
recognise the iloieties of Igneous and sediawnteiw^ hf 
cereni obeertnlicm in ^ field. In this wey eldse oen be 
eroreeiate the Tenons modes of weethenn|^ ^ igsmiTe or 
mnnter s tcukur e s due ^'to JointlD|, the smdo^ or rugged 
imtiuiee» that ditmtWiie die iumme d wMbb his bsad-ifedmetta 
form # pei^ He will mell with many difilenitiai of determine* 
wfilfmore a gtoiu of wiR*iide 0 tid mat^il Oh whidi 
to Imn dviog lem ptOpii^ Qneatiomi wlU siiie^ Ordl 
during m i i r oaeo p le eTainiiiatkm, that fdll amid him beek td|^ 
fuftiier ihiarmaaeii in fid^ mid in the end his inrestigaimts 
wRl here femom jmk^ed wiMjfohiaa than 
fstheiwd In tjpoooBaolloim or mf^ 

Ihe notee that follow presup p o se tlljd the mdineni tusTe be» 
edketsA k the fiddfkattt any traS^^^ is known abouf 



tBi fnn>T or Bocia. 


93 


their mode of oooarrence end tbopr relation to otW puis of the 
woo mm. Weathered epedpaent ahoald be aroid^ as a role^ 
but oftm reveal stmotures hidden in the nnalU^ portions. 
OoUeetiOna made from stream-beds or talnses are oft^ nsefiil for 
duwiiitt tho gen^ character a district^ Imt rodaso g^^ered 
are ^l£>]& of valhe for detailed study. Nothing diort of stinking 
the leek-iiiais hi thu with tiie hammer, and taking in with the 
m ra position and tanwnndings, evmi to tibe broader features 
cl tile hndseape^ sbonld content the geologist who would fSoUow 
worthily the mnnders and masters oi the sdenoe. 

Him poi^ interest presmited hy virions types of rock will 
be dealt with later. Broadly speakings in the ease of sedimentary 
rocln q[>eriiaens tiHrald be oolMcted showing weathered sorfsoea 
and also freshly exposed bedding-planes, since minnte structures, 
foesBs, he., are best made out by a comparison of these. In the 
case of %tieoi|s roek% apeeunent must w taken from the centre 
and from the edges of any dyke <Mr lava^ream, and contact- 
phenomena rmy the cloeest examination. 

^le poelDtinSttB and tiie fadfo are, in the field, of paramoimi 
va^ To ome, moreover, fiimiliar with mdrosoopio sections, a 
number of stTnetarea and mineial-fi>rm8 will rev4l themselves 
with unexpected cleamiees when a fidrW smooth anrfree of the 
rock is examined with tiie lens alone, pocket-knife most be 
used freely, as in the case of minemls, in estimating the hardness 
of a rock. The ^ *teel hammer, drawn across the free, 

often rives similar iafimation. All rooks tend, however, to 
have aliardneeB a little bebw that of thrir principal oonstitoents, 
owing to loownen of textore or developmeni cf decomposition- 
films between the grains. But granular limestones can at once 
he^diitiiignished by the knife from the unscratchable qnartrites ; 
basalt^ whkhisaM tidied with some difficulty when fir^, can in 
this state never be coi^bised with black mnestone or compact 
dark tiiale»'»niiftakwt tint have been often made during the 
hurried examination of hand-specuttenn The acid>bottie, owing 
to risk in carrying and the neoceri^ of employing beat in many 
taats, is stidesn <n neat advantage in tiie field, tiioi^b in the 
labenstoiv it show slweys be at hand. 1^ citric acid, as 
alf^y deaoribed, may, koweftr, he oonvenientiy carried on 
^outmona. 
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ROCK-arRUGTOitta eault distihquishbs. 

The itroeiaie of a rock oaturallj demands the first attention. 
In the majority of cases evidence can be obtained in the field 
reepectiog the mode of origin of the specimens colleotedi and only 
their systematic position vriU remain to be determined Rocks 
may be divided according to their more obvions structural 
chmcters into the following groups 

Group A. — Coarsely Fraokental Rocks. 

Stratification may or may not be present In gravels and con 
glomerates enirent-bedding should be looked for. The position 

the pebbles^ witii their longer axes lying in planes parallel to 
one another, often give a clue to the bedding or the local 
dipL The degree rounding of the pebbles, their avcrage^sise, 
and any evidence of crashing and recemen^g that they may 
liave undergone since their deposition, ore stmctnral points that 
may prove of oonaiderable valne. 

If the fragments forming the rock are very angular, we may 
be dealing with an old talus unworn by water, with a volcanic 
agi^onicrate, ur with a mast breociatod subsequently to its con* 
soUdation. The nature of the fragments will probably decide the 
first and second cases ; in the third, we must search for slioken* 
sided surfaces, which should be abundant, and must study the « 
relations of the fragments one to another. If the rook is ii 
fricticm breceia, detached portions of larger blocks will be found 
lying snggestively near their parent masses, the mters|iaces bein;; 
filled with a sort of &a]trroek. Other blocks will be faulted withou t 
being actually broken atnnder; but Uiere are, of course, oases, 
especially of fragmental rocks that have been affected by earth* 
movements, wbi^ are particularly hard to settle. Kear faults, 
in eontortod mountain-distriots, and especially where softer ro<dc8 
.abut against harder and more resisting masses, this brecelatod 
stnullllE may be looked for and expected. 

Qboup R — Ordinart SnuTinEO Rocks. 

The to be ordinarily exunined in these are the cbmeter 
of tbe bedding, wln^ may be so fine a to produce a Ifcmlnated 
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Btrnctim; and the degree of coarseness of the conafcitueiite. The 
texture of the rook may thus be granular and grit-likc, or quite 
micfogranular and oompact. Fine-grained volcanic tuffs anil 
ashes must often be dassed with ordinary sediments nntU the aid 
of the microscopy can be called in. Abnormally large fragments 
in ft rock of fine texturei particularly if they consist of exceptional 
materialSi may often be ascribed to the action of floating icf*. 
Examples of this kind are the granite and other boulders that 
hare been found in chalk. 

Oolitic and pisolitk/ structures, the latter, as commonly under- 
stood, being a coarse development of thofonner, are comparatively 
common among limestones. With a lens, the concentric coats of 
the egg-like granules can be clearly seen, and often a central 
nucleus, some fossil or mineral fragment, can be detected in those 
that have been neatly fractured. On the weathered surfaces of 
some oolites^ such as the Himant limestone, the structure is 
brought out with great distinctness. 

On the surface of the stratified layers, ripple-maiks, costs of 
suii-crucks and worm-burrows, footprints, and other signs of n 
littoEal origin, may often be detected in the field. The relations 
of the fosals to the bedding-planes must also be observed ; in 
some instances moHusca are found embedded in the position in 
which they lived in muddy banks ; in some beds again, bivalves 
will be found commonly entire ; in others the separation of the 
valves and the rolling of the fossils generally will give evidence 
of troubled waters at the time of deposition. Derived fossils 
most not be overlooked. 

The nature of the cementing material in a granular rock must 
be examined. Interesting and exceptional substances, such as 
barytee, have been occasionally found to play this part. 

ConoretlonB must bo studied from a mineral stand-point On 
being broken open, they often show shrinkage-cnicks filled with 
products of infiltration, giving rise to a septarian stmetore. 
Fossils and various original structures are often preserved 
in the concretions when lost by alteration in tlic surrounding 
rock. 

Lastly, the Joints must be inajiectcd. They may be filled with 
secondary minerals^ and their bounding surfooes may at times be 
slideensided by earth-movements. 

We must Wr in mind that, associated with ordinary frag^ 
mental stratified rocks, there often occur bands of crystalline 
material, such as rock-salt and alabaster, which have been 
deposited from solution and which exhibit r massive structure. 
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ClMvage must be disliuguisbed frmu Ismin^B, handled* 
mens at lilies leaTing this point unsetML l^ima 
originid bedding iBiut be lof^ aid baid^MbtlDg. 

ba^ or eolOuiw Meipea at in (deange-planeayi^ 

afford the neoessaiy evidmice. viU aommnea ^ fin^ 

distorted on Uie denvage-plaiies. ▲ rififM wfy ^ 

kenM offoikdoii^oltmi caosee theoleai^ to beooaw impcnilet 
Pidiattogominsta in the groufiiimf of the mmwa^WMtitacaits 
alonff suT&Mee that am parallel to or follov tbe curratBrn of one 
amdW. In tatafy cases the foiiatkm Is fOtmd to have tidien 
piece pamUel «i^b original bedding ; in otbem rile derdofeaent 
of minerUs, notably along deavage planea oonneots dMvage 
and h>liaia^ In oth^ oases, again, mliathm is due to the 
rolling out, as in a mil}, of previously crystalline materials, so 
that eadi fragment assusies the form w a muohextemled lentlele. 
Hence it is ^portant to trace, if poesilde, the.psssaga ol a 
foliated rook bato one with nommt stractore, whethW* igneous or 
sedimentaiy. I % * 

The restsUmce of large pre'existing cmtaff produces the 
eye-stractore of many gneisses, the smMer^nstituenhi do wing 
round the laigmr ones and tailing out in Itmains on either side. 
This structure is best seen on surfrces perpendiwlar to the 
planes of foltathw. 

Barely, but most interestingly, true pebbles tmnain, unerusbed 
mid recognisable^ In foliated rocks, as evidenoe their former 
sedimeDtary origin; but it must be mmeinberad Uiat the 
crumpled or extended foliation -planes themselves do 
necessarily represent origbal sorfsces lamination; ^ 


Group that bavi Coksolidatrd pbom a 

State op Fusior (Ioxrous Bocks).* 

The relarions of these to the surrounding masses wlH often 
decide iheir mode cnrigiD; but in an pnfortuna^Iy 
number efceseea the etact contact-plane emuiot be exu^^, 
and thett^ is, Ind^joftmffrkQlted, owing to jdie diiMee 
in of the kniN^ mm Mjht 

adjaemApWneiili^^e may sdiBivIde ms exfre^jr vsricd 

Hdlnf^ ll^ aad WsikkimD have 
tstmteed m dbtesm !id 
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% tjfk of We mast 

fabordTn, of inw 

obi^^ittioii^wy b» eitker approximatelj ttn$>rni 

IjEQF lamre ol tiie mrpstallme oomtatoents iz^ % dbveioped 
^^.uieiie tfaaii ie«i „I]i the rode 

i{«flppQriPei#^ 

Bh r Jt gluBj roek with feirlj conspifboto dlw^ 

tiia obwus poi^ 7 n^« 7 «ltIi of a 
rtiiikji^^ Thoee crystals tha have bee^ deriTOdftom 
■mm oU^ rock, and 4re foreigii to the magma' i^Mcb th^ 
are'calfed £]i)f.'^lla8XeiU^ . 

,^^(k#iiiBir otnurtm is common to ig^iebtu rocks , of what- 
etas fraiii. Arising ash phenomenon of contraction, it foodaces 
odmans in the advoges of Tolcanic dykes ; or the ezamides 
at the bm mateiTe mils and fiows, so eonspieimtu in the West 
Highhmds or AnvergnO; or Uie jet coarser mid less regular 
colamnt to bo seen in many granitic rodu. !Oie oolamns, luge 
<m amallf though typloally hexegoiud, are often trigonal, rect- 
aogohr, or pentagonal, or hare ereh leren er right anrihoes of 
ebntrssBon. \ i . 

3%e spheroidal Itmettumi in which the rock Ineaks up into 
roughly or regularly cionemitric coats, though often developed by 
mere yreathering and exfclistionbf the snrfimes of jointed blooks 
or boulders,* is tyfucally due to curved suihioes of oontraction. 
Its oosrser type may be seen in granite^ and its most delicate 
type as the perUtIc rismctiUM^ glas^ rocks The pillow- 
Rraoteo of^some faarin roA^ a^^arie^ of the spheroidal, 
arising where the lava has beek ^pured out into wtAer, The 
^ow-liko masses; fittiimiiilD O^^^^^ riten more glassy 

jn thrir outer layers. vdl xlvi., 

p. 912, and Bocks,** 

vot 1/^ Wand4Sl, npd bli^ end IV,) : 1 ^ 

Qfasy ’^eimtbrey laim also occur in all 

rod«>fwhri|rilM^of^ of gieat b^ufey,.aifo 

wheim 


ignowm' Jiidm’i 

d fibci vri. ylt 
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They are liable to be tmYeriNd hy mtonte 
jmtp, and ocoadonally the litUe blookt into whiob Uie rw^ it 
dIviM are again broken up daring oontraotion bv bean^ifol 
cnrred riftti nTing rite to tke periltio itractnn* Sneb rocki 
wave eidled ^^rerlatein” early in thia oentoryi eince tke glati 
beoemie divided into little globet, vhicb have, <« aeeoimt of the 
flawa, a naereooi or pearly Inttreu On Uie imooth tiuftee of 
lnaBte^to^^ outtii^ aerota the roek, the ttruotnre reveals itself 
to the as a series of fineiinss eorving^e the finnidt rf an 
opening fern. These are often, ae in many of the bean^fttl 
Tertiary examples from Hungary, marked out by light yellow or 
brownuh lines of iron oxide, the result of indpient deocnapoei- 
tton. (See fig, 48.) 

Sphmlitio Stnmtnre^Tbis arises when the orystaUwg 
material separates out from the glass in glbbuUr aggregattona, 
which vary from a millimetre to 5 or 6 cm. in diameter, and maj 
even reach toe dimensions of 1 metre; A radial stmotm la often 
•een in toe ^heroiites, and lometimes they are built up o 
oonoentrio coats. At other timesi parikularly in large examples, 
toe centoe is hollow, or has beoewe filled with c&oedony or 
calcite daring alteration of the rook. Except in highly altered 
^ eases, the spherolites are eaiUy distittgttitoed from the ^aas, even 
when litUe difference can be detecied under the mioro^pe. 
They are llj^ter and commonly browner in colour, and soBsetimes 
become ea^y detadied from the matrix. In highly silieated 
rocks, they ere more easily decomposed than the sarroundUig 
glass, becQuning occasionally soft and powd^ while the matrix 
remains froeb and luatroat. 

LltbophyM‘Stliietiiii.^A compantiTely rare form of sphem- 
litic stmeture. fhe lithophyses (*Vitone'b]addert ^ were so 
named by von Bichtbofon* from the fret that their hollows are 
caused by the expansion of vapours in the interior. The 
Htoopbyse looks like a Luge spherulite, the omieentric coats d 
which are separated from one anotoer by interspaces, in whito 
minute crysws have commonly^ been developed. In older ex- 
amples, these hollows have been ftUed up^^ in toe ease ^ the 
large altered (qdiemlites already refeirra to that tlie Utoo- 
pbyimeonristoMidternatom toelfr ofordinm Utooitod ^dmrulitfr 
matter ai^ quutx, ebakemy or oddte. Beautiful dimwings of 

papmr^^^^lKian Oiff in the 
GMogical (fur ^ 


ins dm 
/ohrto^dir A-A fid. 


aoitfisch-slsbiiibftigtidtsa naehytgtoinMi,** 

ri^iii^ t 860 ,p.M , ^ 
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Flnldal Stniotore. — Though eommonijr aasooiiited inth banding, 
this structure may ooeor in & simple form vhen, owing to the 
motion of the rock, all the crystallites and crystals are carried 
along with their longer axes parallel to one another. As has 
often been pointed out, the phenomena produced by the flow of 
Ihese viscid glassy lavas are reproduced in the structures due to 
ptessure'metamorphism. Like sur&cesoffoliation, both the bmids 
and lines of flow show frequent involutions and contortions. 

FJow-Brecda 8trooture.~Layas, especially glassy are often 
tom to pieces by differential movements during flow ; what have 
been ciuled ** agglomerate-lavas” ihos arise, with a Iffecciated 
structure that causes them in the field to resemble tufib. 

PumiceoUB and Scoriaceons Structures.— The rock may be 
completely glassy, with numerous elongated steam-vesicles, as in 
pumice; or more lithoidal and less completely vesicular, as in 
c<^rooQ scoriss. Such rocks often become amygdaloidal (see 
p. lUO). 


Svh-Ofoup ^,—]Athoidal Uockt, 

In this division we bring together rocks of a "stony* ap- 
{learance, such as the "lithoidal lavas'’ of old continental^ 
writers, which may or may not contain some glassy matter. 
All the common "porphyries,” as well as moat lavas, will fiUl 
here, and their further separation most be left to microscopic 
examination. 

Merocrystalliue Structure (sometimes called HemiciystaUiiie).— 
The matrix is compact and often almost vitreous to the eye. 
Hre lens will sometimes show spherulites aggregated together, 
and banded and fiuidal Structures may appear. Such rocks, 
consisting of a close admixture of crystallites, ciystals, and 
glass, are often called "cryptocrystalline,” and include those 
with the "microlitic structifre” of M. L6vy. 

Ificrobrystalllne Sfru^ure.--^The individual constituents be- 
come fairly distinct with the lens, though ve^ possibly not 
8peoiflcally.detennu|8ble by this means; the mi^rosct^ reveiUa 
no glass, the individaai crystals may to mere i^ded granules 
("microgranular,” see later), or "ddotriomoiqphic” bound^ 
where they come into oontaot with their neighbours), or "idio- 
morphio” (exhibiting their proper outlines). When there is a 
general tendency to idiomm^hism in the first formed grains, 
while quartz has developed out last and has moulded itself 
allotrios^orphically bn the felspaui, Ac., that have preceded it, we 
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liftT4 itrtiolitire of 

oiitt bndi tiio qurti oi this IwU period of oomoUdeUo^Jiiil 
ol«0 « tendenoy ,lo ibim iffioesorphio otysi^ )L 
tke iHinkm **ailoNign&tt]irie»’^ The oae of a etrit^^ 
depeod^roft Ihe mkmIi^ 

be ecaoerail limtied. t >• ,, T ' .il 

Seeriiemi 8 ti»B tai e ooeaxe in Hie voW” 

^ soVgroi^ end i^yee riie, when ike eeriliee m lOBed 
with illerilimi^^ the eeeiijr teoefpdMd iai|fdMi^ 

BtraetmvL !nie oryetilHMd ftmn| Ih^ 

oToid grimpe q| riwold be exiinel^ end 

i]id«|M£denllyf Somebmei the eppamilj iottl 
men hfOkir wUdi 1ms eheeked fmm si it 

deyd«qied iqppg the wiUs of the csVitj. 


S^^DMueUif Eolo0yMltm ifodts 

Then tb^^msi^Koat s orysUlitite tesbm^ sttsiiiisg some 
times s greet |iS^ ^ ooemeesssr viih « 7 sbdi 10 or 15 om* 


I Stmtani-^llus npeets mkrogresitio on e bold 
sode^ sad tievdis thus the ism iateradiiditig of iDpis trading 
to dhow ec^itiiloatHiin rad of piod 
The term bis bora vied ky fiw^both seld end bpdo radai | 
hfot in the hlter aerki hi geneiify pnlim ^gtrane ’' l» 


Obrndm.— IL Ld^/empk^'hig »girai^ n 

Msuted snii^t nses tiie nsme^gtranEtts stmetsrs* for mt» 
gniiied eggnjistion of weU indindRshsed rad etra kBomei|diis 
crysteh, qiisrts hdng Ptssiat sisii.ssira i 

The metraseiphoiM n^ ooitepofy Irawn pl 
in (dviriorasQmpoel^oOt^ oedH& lStle idkrafmhfeliii^ 
bntit Is e raed>^if W ^mmditis^ in- 
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WMolidutioa. . Fwr tEis iaterwtiiig stmoture, which one is 
tempted to “granalitic,'' we simll here use the somewhat 
yague term ^'granalar/ or pdcrogfantflaT when necessary. 
Oommonly, inde^ the microscope is required for its j»rrect 
aRpreciatioa (see % 28); but the absence of weU-del&oped 
xoritui» Budi as prisms of felspar or pyroxene, is noticeable with 
a lens on t he s urfeoe of the rock itself 
Qp^ 8tnieta».--<)flen^^^^^^w^^ the eye the cirstals of one 
constituent ’dll be seen to Uve deyebpd freely, irhilo another 
eoi^tuent has settled down in l^;e crystals round them, so 
tiiai to toerspaoes of to former are filled orer considerable 
areas by niate^ haying parallel cleayage>surfiice8 or crystal- 
toes. On turning ^e rock-specimen in the hand, to tight will 
glanM fifom some such sur&m and show the real continuity of 
**2? appear* distinct from one another on the broken 
smtmce of to rock. This structnre derives its name from its 
ooeorrenoe in the dolerites and gi^bros of to Pyrenees, which 
were calld “ ophites ” by De Palassou. It is, however, extremely 
common in the dolerites and diabases of all countries. Prof G 
r ^ P 176) has used to term 

^poikuitio for what seems praeticSly the same struotnre, 
^plyii^^it particolarly to oases where the enclosinn or 
ophitie i^eral is felspar. The appearance known as 
, lo*tre*motiilhig arises when the included crystals are (unall 
m pr(^rtion to to cleavage-sorfiices of to surronnding and 
■ubmnentiy^eveloped mmeral « Lustre-mottling ” is common 
m the Pendotitea, (See fig. 39, and Index.) 

P»gm^ or Graphic «tr«etare.-TTo constituents, most 
commonly qu^ end fslspar, have developed simultaneoaslr 
m large orystsla matudly intergrown. The fekpsr being 
pradominant, fte qosrtn u hodt-shaped Miftowalar 

fo^eppurrotly disconnected from one aaother. Bie oleaTMe. 
rarihw of the ^spw thus give the effeot of « lustoe^notai^;’* 
to qwt^i&wto' ex mni nB d mioroscoidcsdly, is found ahio to 
he eptioally emitinuons over oonsiderable afeas the rock, 
Ta^ntpeture thus mmnbles that whi<di would he prodneed 
IT to imof^ were^ grow up simultaneoush^ to one fiUto 
''^^8 P«»«w left liy the modrof 
^ ^^e» Qr^o gnuate providee the best and 
only ^pCh ^ %25.) 

s^etivm when^^ m is styled ndeiopegmalttie. 
Mtop^atto ^torewto are often grouped in delicete 
giomuarrmrms around of quai^ or fefa^. 

4xm eornmenlyjr^tto^ to 
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aco|^ for their detection, and have been appropriately styled 
**mjcrograpiuc" by Barker, and also "granophyrio” by Bosen^ 
busch. The term ^^granophyre^ was, however, usea by ite 
inventer Vogelsang in a sense that inelud^ all inicro* 
crystalline imeous rocks. 

Orbicular StniGiura. — A rare structure in which the crystals 
are grouped so as to form spheroidal aggregates, witii or without 
radial or concentric arrangement A fine example is the or- 
bicnlar diorite (“Cwsite*') of Cornea. This strncture may he 
regarded, witii Vogelsang, as the highest development of the 
spnerulit^ but may arise from the action of the igneons magma 
on indusions of other rocks. 

Fluldal Oneissic Straeiure. — A banded or foliated structure 
arises in some holocrystalline rocks during their origin^ 
fiow, and may be designated as above, to distinguish it from 
g^issic structure indu^ by pressure. Lepsius {C. R. ContjrU 
giU. ^ inUmai.y ISiiM, p. 96) calls the two types 

granite-gneiss and metagneias respectively. The fiuidal origin 
is cl^jy proved in special instances when the planes of 
foliation run parallel with the bounding walls of the mtrusive 
sheet or vein, and across the structural planes of the surrounding 
^and invaded rock. The smaller constituents flow round “ eyes 
formed by the larger ones. Sometimes the intrusion of a non- 
Inmiogeneons magma produces a banded gneissio structure on a 
handsome scale (see, for instance, Qeikie, Ann Voicanoe* of Great 
Britain, vol. ii, figs. 336 and 337). In many other cases, a 
granitoid rock intrudes in thin sheets along the bedding-planes 
of a sl^e, or along the foliation-plan^ of a schist, and its fiuidal 
gneissic structure is due to the lamine of foreign matter carried 
oflT by it. (See PI. II., fig. 5.) In such cases, a composite rock 
results, the alternating layers of which may be strongly con- 
tras^ consisting as Uiey do of absolutely different rock-types. 
An ioterriumge of minerals occurs on the surfaces of juncti^ ; 
but it it, obvious that the ^eral strueture is that of the oririnal 
mass, preserved in spite of much contact alteration. Sederhotm 
(BuU, Cmm. oM. FUOande, No. 23, 1907, p. 110) cidls these 
coflipo^ gnmet “migmatites,” while Hume (** Peninsula of 
Sinai,^ Surrey Depart, Cairo, 1906, p. 168) h^ called them 
“mictontes.* 
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CHAPTER XIL 

SOME PUrSICAL CHARACTERS OP ROCKS. 

L Speoipio Gratitt.-^As will be seen when varions rock-types 
are ezammed in detail, the speeifio giarity is often a good guide 
to chemical ' constitution. The specimen must be selected with 
the following precautions : — 

1. It must be representative of the mass under examination, 
and sufficiently lar^ to include all the constituents in theii 
correct average proportions. 

2. It must be free from flaws and cavities. 

3. It must be unweathered, except in certain special investi- 
gations. 

The general methods of determining specific gravity are detailed 
upon pp. 22 to 27. 

To observe tbe first precaution it is often necessary, and, indeed, 
safer, to use Walker^s rather than the refined chemical balance, 
which will not weigh a specimen of more than 100 grammes. 
Hr. T. H. D. La Touche (ilTafurs, vol. Ixxvii., 1908, p. 221) has 
described a form of Coates's balance (seo p. 27) capable oi 
^ckly determining tibe specific gravity of large hand-specimens. 
The method devised by Hohr for measuring the display water 
is also satisfactory in dealmg with crystalline itx^s of coarse 
grain and any specimen which it is inadvisable to reduce in size. 
This dtsplaoement-apparatus consists in simple form of an inverted 
glass bell-jar furnished below with an india-rubber tube and clip 
and supported on a stand. The water placed in the ve.ssel can 
be thus run offi from below, accuracy being ensured by using the 
clip rather than a tap, and by letting the tube terminate in a 
jet formed of glass tubing. A horizontal wooden bar hearing a 
needle is laid across the top of the vessel, the ni|^6 projecting 
about 3 or 4 cm. downward To ensure constancy of position, 
the points where the bar habitually rests on the glass rim should 
be marked with a file or by gumm^ slips of paper. 

The vessel is filled wi^ watery the end of the needle is lightly 
greased, and allowed to project into the liquid. Looking up 
from below at the bright totally reflecting surfoce of the water, 
the clip is releai^, and the water is allowed to mn off nntil the 
needle-p<pnt just disappears from view. It now exactly touches 
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tbe^ Bppar sitr&oe of the w«t^ and sivee os a etandi^ to irhi^ 
to Tear. Th9 spe^ea, wbidi has oeea wekhed npoil a 
bnlMeaimte biaaiioe,is ^ea loverei bjr a liie thread 
into the vessel, the water rising higher bjthe addiHoii|# iti 
bulk. When all hfabUes haia dwappiwMred, a ^iwlnated 
iag^iaM is taken, the divMoiiii <tf which eorresDond to thwWts 
of need in the detmiination of the wei|^ in aur* 
if i^Bunes were need, Uie s^ wiH be gindtwted in Mdo 
centunetreei Into Ais dtomwhter is ^ s|Md^ 

poin^ 0hierred ftvm brio^aa befbre^ agun m 
snthkoe of the widen asKwnt run off gi^ the hti& of 
water (iQ di^^ed. 


To observe j^e second preean^on, some rooks, such as pwoos 
sediments or puttioeoaa larwi, mind be reduced to a powm and 
detennined wra the i|ieoifie gravi^ bottle, the finest dust bring 
rifted or blown off to avrid oboking of the small tube in ^ 
stm^. 

To obeerve ^ third preeamrimi it is often well to pick up 
clean diips fteiu nerimens ririmmed in the field, which, selected 
from a lai^ ^nmW, will asrfo .both ibr the determiBati<m of 
specific gravity and the ntakfrig of nderoeoopto sectiona 

the riu^ of qmfio gmvity^^ In roda^ tlm coris bring 
omitted, nrely esoeeda the limfts 3 ^ to fi' 4 , manj v^ divmie 
rooks have tiie same q^e^ ^ ^ results are not of 

value in ahorinte detmunstion. Sot in t^ ease of igneous 
ro^ proridod that speoittcns are sriseted and examined from 
different parts of an exposure^ an eamellent idea can be frmod, 
from the spedfto gravity slone^ of the rilica-peioentife of the 
mass 

H FosmxiitT^Tbmi^ it it acldbm derirsble^ cm arionii^^ 
their ecmplead^ to tren r<t^ hafine the Idow^pest if thw 
were Maple aiiiri^ yet ii^Kw oases the detan^tiiBi of t^ 
frMihm^ 

nmre itpon ^nbmler jbsn has since been derirahleil 

aid the iiat#s da ^liuaes prodoeed was ekSiriy eted^" 
The netmed ritaa rise haveNnuloiri^deitees^ Ibe 

rilksied ftirilig udih greater difibalty than lie 
lieaie; l^aribsIdte lMi at aboiri fi of von KobtU^ eeabn tddl 
taehylyte as Chre rinft be eserc^n^ltfi^dr;% 

dealtewidi Jhip gliimi dial^ i^ldkiteiiiiied do not^ftasent 

nnuiiair riM^.^ ■ 
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L **^^**^^®^ obswvatwns <^ Boi^er^ uid of B^ndant showod 

Htttjhe of Tolouiio glau in th« flim» of a blowpim 

ocnOTonally raanlte in Ao* fonnation of a pnmioe m iiuioD 
^nall7»^e« place, (Tnm. €M. &», 1816, n. 191, and 
*" 183% wL ai, p. S6a) 

m.Tolatila iMUe^ thni Ubnated iveU np tfie whde glass, 
now inume cues it almost rirals the intniheseence of a borax 
bead, ^ofewor Judd**^ fonnd that the obxfdlaii ipBaoles (Mare- 
HUrokauka, laSibOTia, maj booonvemd i^tos pumlco 
***" bulk ; and tdaulas nsnlts are 

ihe Uras of Arakatoa. The experiment ahonld 
M repeatedf by way of oompaiison, on any spedmea Tokanio 

^ r ' ^ 

»: ^ ifflieons rock tiiat baa undergone alteration, 

w6 fn^ili^ oan be m little aerrio^ dndb a very small admixture 
of hydrous minerals such as aeolites may sufke to oonsiderablj 
inerease the fosibiiity of the mas s, 

IIL Habdnbhi—- T his important {sroperty, rmideiing the use 
of the knife imperative at ^ tame% 1ms bem alieady referred 
toon pt 93. 


OPAPTEE XIH 

THB (WnillCAIs UAXIHATIOir OF ROCK& 

A HUMBne of ordinary qualitative tests may be applied to rocks, 
and the examination with adds, hot or ool4 is natordly of great 
valim in^ deletftioh of 01^^ 

JPhre dolmaitsiH sildh as at times ooonr among crystalline 
masses, iHU efltsnresos only when the add is beai^; but magnesia 
ocj^ in many Hmestoes in wbibh the add test Is nnandling. 
f^ordiimij dolomw Umet chns eibrahoe freely in 
oojl^ add, iihe maipaeBia can only Im mifrly detern^^ 
W from sclht^ by hydzk diMdio jphospbate in 

t^ Ofifria^ ivby. On the otm l^d, wa mast here remt 
th^ that a roek dhioh ^ offhrresoence when 

strong cold aoH may yet belc|p to the group 

. sai dm, Batmdtm 

:|»iy!(ills»s*'^ ■ -■ 
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Gomnumly styled limestones, b^ng in &ot n dolomite ; nnd the 
resemhisDce^ except in herdnese, of dbine of these rocks to com- 
peot grey gypsnins or even quertdtes mikes it neoessary to 
emphssise uis cention, * 

It is constantly of servioe to examine the eompaot or glassy 
mnndmass of an igneous rock for potasidiim, bv the method 
described on pi 85, which has the advantage dt giving ronghly 
qnantitacive results. 

The treatment of a ro^ with aetd ie foeqnently important ai 
revealing an insolnhle reaidne^ which should always be examined 
further. The divieion, howeTer, of every rook into a soluble 
and instduble portion, prior to analysis, is now r^rded as of 
little value, and the ordinary plan pursued is to make a thorough 
fusion of a weighed quanti^ of the powder with carbonate of 
potash and carlwnate of soda. The powder must be obtained hj 
tweaking up little fragments of the rock still fhrther upon an 
anvil An enlarged form of the steel mortar used in blowpipe 
analysts (|x 40) will serve well The materia! is ground and 
regronnd, a portion at a time, in a foir-sixed agate mortar until 
the powder is practically impalpable between the fingers. Too 
much care cannot be given to this simple preparation of the 
material used in the analysis, since imperfect fusion may result 
if the partielea are not sufficiently fine, and the silica ultimately 
separated will contain gritty undeoomposed matter. Although 
the precautions and details of the methods employed must m 
left to chemical works and to personal practice, it may be 
'^f servieo to remind the reader of the successive operations 
performed during a simple rock analysis, such a$ woM $uffio 9 for 
b/foad dtterminalice pwjxmi. Naturdly the list of substanoes 
that might be looked for and separately estimated in an eltbor* 
ate analysis of material from the earth's crust is as long as that 
of the known chemical Elements ; but the pn^rtions in which 
the below-mmitioned oxides occur are o&n of fondammtal 
geological importance. Unless, however, such tnbstanoes as 
manganese, titanium, barium, kc., are separately determined, 
the anitiysis must be regarded as only approximate, and as 
serving for ctaisifiost<»y purposes ratiier than for refined 
disciianoii. Tint is clear £rom the detailed papen by Messrs. 
Olarke and Hillebrand, whiob should be in the Mnds of all who 
would analyse silicates, 17.^8. CM,\ No, 176, and 

the complete revision by fiillebrand, BulUHn Na 479, iasiied 
in 1910. See allb Washington, Man^ of ike Chemical Aimtviie 
u/Eoeke^ iWi, Wiley k Sons, New York.) 
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CUVMICAt KiAMEKAtlOV OF feOCKS, 

6r:iVART or Detkuuinati^k Ciikmical Axalysu of a Bock. 

1. Loss oa Hcotii^. — Weigh about 1 gramme of the air-dried 
powdered rock in a platinum crucible, dry in an air-bath at 100'’ 
to 110* O t cool in a doeiccator, and weigh again. Determine 
thu6 the io8S of moi8turo» which may be due in part to combined 
water, aa in jseoUtcs. Then ignite strongly over a gas blowpipe, 
and weigh again. Ignite a second time and weigh, repeating 
this until the weight is constant. The difference thus found is due 
to loss on ignition, which generally represents water. Where 
much iron is present^ its oxidation may affect this result. Where 
it is necessary to determine carbon dioxide, a sample of the 
powder must be decomposed by acid in an apparatus in which 
either the gas evolved is allowed to escape and is determined by 
loss, or in which it is collected in an absorption-tube by soda- 
lime and weighed. (See Hillebrand, op, city pp. 67 and 179.) 

2. Silica. — Add to the ignited powder in the crucible, or to a 
fresh sample if the heating has caused it to fuse or frit together, 
about four times its weight of sodium carbonate, mixing carefully 
and very thoroughly with a rod or platinum spatula. Fuse at 
first over a Bunsen-bumer, the lid of the crucible being kept 
on, and avoiding too great heat at the outset. Then apply 
the blowpipe until the whole mass runs freely together and 
ebullition ceasM. The flame should be directed obliquely, and 
should not envelope the whole crucible. 

Remove and stand the crucible on a cool surface, such as an 
iron plate, so that the fused mass may crack away from the wall 
of the crucible. Place in a porcelain or platinum dish with 
hydrochloric acid and water, covering quickly with a clock-glass 
to avoid loss by effervescence of the carbonates. Warm, and 
allow to stand until decomposition is complete. Evaporate to 
approximate dryness in a water-bath (Hillebrand, op. cit, p. 76). 
Moisten again with strong hydrochloric acid, add water, and 
warm. The silica should now float about lightly in the liquid 
when stirred, while all the bases are in solution. Filter off the 
silica ; evaporate the filtrate, treat as before, and add the small 
quantity of ailica thus obtained to that already in the ^ter. 
Ignite for about twenty minutes, and weigh. If gritty matter 
ooours amid the ailica, the fusion has not been satisfactory, and 
the process must be begun again. 

3. Alomhia and l^errio Oxide.— Add to the filtrate a few drops 
of mtric acid, in order to ensure the converaibn of ferrous to 
ferrio salts. Then add ammonium chloride, and ammonia in 
very slight excess, and boil. Filter off the precipitate of alumina 
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and furlc <ndd^ obtaining tdm n, Wnon^j&or^^ 

'frasbod, lo^iisadva the p^nitatPlhto anotber tobi^ and 
diride tbe snbsidiaiy fiiii^ into two meiaarad 

quantities, Titni it may be made up to bali4^ Utre by ^ntkni 
in a marked flask, and 250 os. may be dimwti off widi a p^tte. 
Tn to povto piedidiate alnmina ai^ fento oxide as uNfore ; 
filter, ignite and wei|^. Draw 100 ce. from die portion 
remaining ik to flask, and determine toiron in to rednoed 
to to feritMts slat^ Tolnmetrioally 1^ mdbns ol penoanisoato 
<d potash, Mto a efaedc-detenniEmto^ W drawing 0$ aao&^ 
50 or lOQ en Divide to weight of fren foimd by ^, w]iif trill 
give to w^t id ferric oxide Deduct to from to i<^t 
oxideii to alumina beii^f thus found ^7 different Femms 
and torn oxIleB most w separately itormined bd tdl eaai^ 
analyees. eqtolly ^l^toand, op, eia, fp, WmaSL lOi,) 

4. IdflUf—Seat the original filtiate a neai%^ to boilings add 
wnmonia in Ixcess, and ton mtcees of ammonium oxalate. 
Allow to stand to 12 hours. ^Iter and ^ie strcmglyY wS]^ 
and repeat ti^ to wmgbt is constant file psempito k tos 
oonvmted into lime. 

5. M a g i HH d i i — Ammo nia btoi in exeess, add hydrogen sodium 
phosphate to to filtrate, stirring Tcnr oarAlly wHh a rod, sinoe 
to preetpitat| dings to any psu^ of to beaker that nu^ have 
been te tlm lemd dy ree abtsdml by tonddM. Stand fori 2 honis 
and filter oald| thejpredintete wite amixtare of 1 part 
ammonia (s|k ir; *86) Imd 5 water, and ignite^ to filter being 
burnt M omn m j in to Ud of to eromde. Where a large 
qnanti^Wmagoto is expected, a poreelain crodhle tomld be 
used, to avmd injniy to toplatiiiiim. The ignited [^eeipitete 
ia to prrophostote ()4t^s^)« eMimate as nn^n^ 


mnltoy by *26088. 

6. FOtadk tad 8odi.--*TliSM alkallea an heel deuraiaed by 
to Immmioe Smith metod. Mte intinmtdy 1 part oi to 
powdered to^(aboQt|ijidfagnmsn)wite^]^dfi&iCi^^ 
dilortotoFparteef^nimiUtoterhmiate. Emttoahmilmi 

tor te a deep piatonm todhie^ which iatoet en^^ 

aodaonlal^overafiiOdlW Dimsen4toe, and uid#r a oonkal 
inmilddl^^ JObe flame mail be appliedrsmy gimS^y at 
to rdkitoatoi of to ammoaiqm cUorilii^ ad to 

I Aoald at no toe file totetoli ndeto : The 
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Ihd filtrate ii It j^eosMt 
dfbpor Wo w emmenram cagbcnaieie^^ 

W iM ipepyi 4*^^ 


4 c|i^ dee tel^Mttiiee iE the 

Wiu i j WTO W Eegleoted: mom^^ beet 

W Ev^ed^ chlo^Os oC tW lUksli* 

WMi W<mld be low, We^ llie j^t <di&|jidee in dsdi 
«li0e the kttet it itOl i^ig^ 

, l)tadT« up in wtter, add platuuc chloride, and evmnte 
ihoiOit to diynek W a waterdwth; Add alcohol, and allow to 
ctttd: for some lionn, the w^pitate of potaaihipi platimc 
chloWk heIxiE inioltthie in ^hoL filter on to a weighed 
filter, wmih with;al(x>hol, ^^^a^ drjr ^ lOOV Wcpgh wito the 
fitter irithont ^dtbn. "S’ ; 

To calotte this predpitate as potash nraltip^ W "^9272. 
DItide this result by *6317^ whi^ gires the weight of the 
potassium chl<^de In the joint chlorides. Bednot this foom the 
joint wemht and multiply the remainder by *53022. Thm gires 
the weight of soda. 
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CHAPTER XIV. 

TSB ISOLATION OW THB COKSTlTOBlfTB OF BOOXI. 

Ib tho cue of » ooAr86>^pruiied rook, clearly oompoaed of hetienv 
geneoBS raatenalsi U is not difficult to break out vitb tho 
bammer or the pUers fragments or cnrsUda of indiridiial oon- 
stitnents, wbkh oan then be sobmitted to i^eoial tests. It is, 
howerer, highly desirable that a miorosoopio section should have 
been ^viowy prepared, in order that the purity of the orystats 
vl^ are to be examined, and their freedui from enolosnres, may 
be sattsfiuftorSy aaeertained. This precaution b upecially neces- 
sary when idiemical or mtcroeheroioid tests are about to be applied. 
Where tiie seleeted grains sre small and transluosnti examination 
of them when mounted in water under the mioroioope will often 
■ssure the obaerrer of their purity or the reverse. 

Many sedimentary rooks, such as sandstones, can be broken up 
with the pliers or even with Uie fingers, and the grains spread 
out on paper for identtfioaUon, Other rooks, such u olays, may 
be broken up after prolonged treatment in water, the m^riau 
ai varying finenen being snccessively washed oil into separate 
veai^ a^ an often v^uable residue of larger grains, small 
feaiila, 4o., being finally 1^ behind (see p. 198^ 

When a rbidc is, however, compact and cohuent, its con- * 
Btitaenta can be isolated only with difficulty; and at the 
beginniiig of the prepent century a Imr^ number miues were 
flurnd u homogeneous, or even u mineral species, which were 
in reality fine-grained rocks in which it seemed tm^KWsible to 
detemiine tiie oonsiitaents. To the French geologist OMdier 
we owe a senes of researchea that shed a vast amount of light on 
tiie constittttion of the igneous vwriefiet of fudi rocks. Since 
the task he set himsdf wm so eminently one of minendfisoktion, 
a summary of Ids may be given anpropriatel^ her^ before 
we dkeuM tae modem methods by wMiffi «aob mvestigatioiis 
have bilta fiidlitated. For if modem petrology appears V> 
ewe Stale to the men q( 1800, it is not becMu these early 
teaeardbee were leu accurate or in any way lus laborious than 
ou own, but beouiM wers for a time finrgotien by geolo- 
gisto mid Aim euitement of paUeontol<mieri dis^vuy. 

In the antymm of 1815, P. Louis Oorcuer road to the Academy 
of SdenoM at Peris hk iur foi siitataficm mwAuIm 

m moitef ^ mirmii dam la ^ompmiipn xht MocAei Fbfoctntyuef 
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iota le Struck with the probability that tho compact 

or more glawy matrix of voloanio rocks consisted of deter- 
minable mineral substances, be put before himself the following 
question Are the undetermined volcanio groundmaesee 
meobanioally. constituted, aiu^ iu the evmit of it being possible 
to determine their mechanical constitution, what are the 
mineralogical units that compose themt” 

After many unsatisfiytyry experiments, Oordier had recourse 
to two modes of ^liscrimination, the microscope and blowpipe 
examination after the meiAod practised by de Saussure. f He 
considered it probable that the pardoles producai on the breaking 
up of bis vofcan^ g^undmasses wonld belong to the common 
ci^stallised minerak^hat occurred in coarser spedmens of such 
rocka Hence he began by reducing well-known minerals to 
powder by pressure under a pestle, until he obtained samples 
in which the grains were from *05 to *01 millimetre in diameter. 
He then examined these under a microscope magnifying 13 or 20 
dimneteb, rotating the object-carrier so as to view each grain in 
several positions with regard to the light &lling on it The 
clearness of the characters displayed by the varioaa minerals 
came to him as a welcome surprise 

He examined in this way pyroxene, felspar, olivine, titanic 
iron (much magnetite was probably included by him under this 
term), amphibole, mica, leucite, and hsmatite. He also tested 
the hardness of the grains, and their fusibility on de Saussure’s 
kyanite splinter, and observed on the same support the action 
of one mineral upon another, placbg the two grains under 
examination in contact with one another and fuaing them in the 
same flame. 

In his comparisons of these types with the constituent 
mranules of the groundmas&es, he felt that local variations most 
he eliminated; hence be wascarefiil to employ, as &r as possible, 
the lar|[er and identifiable crystals of a ro<fr as guides in the 
determinatiDn of the partides m ita matrix. We now know that 
such poi^yritio crystals are apt to differ very wMely from those 
of the second consolidation;” but even this precaution of 
Oordier is an illustration of the general refinement of his work. 

Under the head of volcanic rc<^ he included the products of 
active volcanos, of denuded cones, and of ancient centres which 
had been covered- by marine deposits of the remotest age. He 
powdered up these rooks, mierocryitalline or glassy, washed the 

•i/s«r^d«fifyii9tt6,t.lsxx^ AbetnMk 

^ A. Braiqniait m nme journal, i Ixxxii., p. 961. 

tSoa ik ffofthisvolaatsi » 
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vmoltinaw of rol^siiiojmsks, with ntoib esoBiitioi^ 
li^OsiteindisiMt^^ - >> 


r >. TO^ihdr eoniliiioiits «re ioi«r^ 

^ Thst^yii^ belong to the oommou ipeeies ftbove given. 

- ctmlilik mtterial 

tlA Miisr ^^k^eiit of which wonl4 havO produced the 
Uthoidtjl^peB . ^ 

/l^at in maiiy the are held 

kwMiher li^ fordj^ matter interposed in verf minnte purticlea 
JXhgt^ which he establilhes are con- 

BiBtj^ one with anoiher hy a aofficiently comply series of 
iater&ediate ^7]^ * 

Thi^ the voibsnio&rockd have no imalogy with those called 
petroeilex and trap. * ^ 

That the alleged to exist between anrient and 

mod^ lavas are entirelj 8up0rficia4 and consist only in minute 
mo^flcarions of texture ; vacuoles are thus always present 
between the oi^tituezits of modem lavas> while; in the older 
examples they have become rare or completely absent through 
infiltration. 

Although Cordier probably exaggerated the points of di^rence 
between some truly igneous and his volcanic series, n^t 

his gcnerd conclusions were in ma behest degree philosophic; 
and it is indeed pleasant to tefer to his clasric memoir as mi ex* 
am ple of what may be dona in detenfiinatiYe geology by the union 
of sdentifio method with the simpl^t means, also p. 132.) 

enghing of OK|pta|line riKsks^ with a view to the micro- 
Boopic examiimrion or isolation of their oonstitu^ts, may be 
performed between folds of smooth cloth or even paper, to avoid 
the introduction of extraneous mhtallio or mineral material; but 
a hard steel anvil and hammer generallj suffioe* 

The powder of the rock,, wM^Mpust be &irly eoaraoi is passed 
tbrou|^ sieves of various moE^t^mtil a smnple is procured, as 
dbane a^ p(mble^ in whuh eaoh grmn oons^ ^ only one 
mineral m^eries. Fmr this pur]^)6e the sieves dtod in ehemical 
laboratories are cQliimment» several fitting one above the other; 
the crushed minend is placed in the to^HnoBt, whiidi has the 
widist m^^ audi the . Wmfie briu^shak^ each siem seleete a 
saa^ 4|ii^ng imineneas till ere m#:ihe iWeiit pan. 

objection to the w of riem lies In ihe &ct that some of 
ihsNKimitituhnmy^^ be muih mm fihhle than others and 
purpc^ no one sample be satia 
« . . - . ^ ^tmito <n ^eaqh :s|^ mast be exammed izi oitee 
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The sample, whea selected after examinatioa with the lens, 
VMj be picked over hj the aid of that itutrome&t, or upon l^e 
sta^ of a mtorosoope with a low power, A fine brush ^uld 
be moistened with water (Dr. Sorbj recommends gljeeiine) and 
brought in contact widi the grain to be picked oui It is then 
dipp^ just b^ow tile surfhee of distilled water in a wattii-ghias, 
and the pain is at once detached and sinks? 

In this way, eare and patience, a quantity of any one 
constituent can be acoumulatm, suffident even for a chemical 
analysia Bnt for merely qualitative tests a very few grains 
will be sufScient, and exoi^ent material can be quickly obtiuned 
to which mtcrochemical reagents may be applied. 

The removal of light material, sudi as clay, 
fine dust, he., from heavier or coarser con- 
stituente may be perfermed hj washing, as in 
an apparatus desmbM by M. Tboulet * (fig. 
I2X A large tub^ a, terminating in a tap 
below, is fitictl with a rubber co» through 
which a finer tube, 6, passes. A tube, c, 
opens through the side of a. The powdered 
material is placed in a and water is intro* 
duced through b. This mes in a and flows 
over at c, canying with it, if the operation is 
Bufficdaiitty prolonged, all the light snbetaaces 
thus wisheu out of the material 
In Mparating minerals ci difierent speoifio 
gravities, water is introduced at c and flows 
out up 6 when a has become fell This cur- 
rent keeps the powder weU disturbed, and by 
regulating it none of the material escapes up 
(. Oheck the flow gradually, and the grains 
of difierent eburactm will descend suooea- 
sively, fording distinct layers at the bottom 
These can be mwn off by theti 4 >,|uidafeiriy 
pure amount of any particular conatituent 
ott be ooUeeted. rate-like minerals, such 
IS mica, will probably appear among the 
upper laym It is omr that simple forma 
of sotii an appaiatiu can be orastmoted with glass tulma, corks, 
nttdwr lobing^ and a dip to act as a stop^iook. 

Pn^ Derby, in 1891, showed how an ordinary miners pan 
win aufiice to separato a good ouantity ofllw heavier ssinerals 
frm a powdmd rock. Dr. G. F. Orimal^ ("Granites Oedl 
"«*8^p«itkamiaaalqaa’' Ml flbe. ffis. di IVtaiM t. |L ()87^ p. 
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Co., Md,,” Jov/m. Cincpnnati JSoc, Nat, liULf 1894) ased a pan 
12 inches in diameter for his work on granite soils. The powder 
is well stirred with water, and the earthy portion poni^ off; 
the granular residue is stirr^ with more water, *^by a combina- 
^on of a spherical and olliptical movement of the pan,” Then, 
by a i^uick side-mvement, the water is thrown off, carrying the 
Jighter minerals and the floating mica. Kepeat until only :i 
small residtie is left, which contains the heavy minerals. 

The various methods of decantation and separation by washing 
in moving water, which have been adopted for the mechanical 
analysis of soils, are well discussed by Wiley {Princi^^ of Ayric. 
AnaiyHSj vol. I, 1894, pp. 171-247). Simple Hut systematic 
methods oT decantation in ordinary beakei’s appear to be as 
reliable. quantitatively as far more elaborate methods. 

Oordier extracted some constituents by the use of the magnet 
(p. 112) after washing. Composite grains, containing only 
minute particles of magnetite, may be taken up, but can be 
picked out if the iron oxide itself is lequired to be pure. It is 
useful to cover the end of the magnet with a sliding cap of tissue- 
paper. This is kept in contact with the end while passing over 
the powdered rock, and the magnetic particles adhere to it. On 
withdrawing the magnet to the collecting-vessel, the cap* is 
thrust forward and the material falls off into the vessel. 

M. Fouque,* following Delesse, used an electro-magnet con- 
nected with six Bunsen-cells. By graduating the strength of the 
current, the constituents of a rock can be fairly sorted ; first the 
magnetite, then the pyroxene, tlie olivine, aud the felspars and 
allied minerals which contain traces of magnetic substances. A 
residue of felspars and “ felspathoids ” remains. The glassy 
matrix of igneous rocks is the mo^t common source of error ; if 
it is pyroxenic, it may, by inclusion in the felspar, cause the 
removal of a large quantity of the latter, leaving only the purer 
quality; but in many cases it is highly silicated and scarcely 
^rriferous, and cannot be separaUd from the felspars that are to 
be tested by Szabd’a or other reactions. Microscopic examina- 
tion, then, nmst decide on the suitability of such selected 
material for refined determinative tests. 

In practice, the rook is crushed so as to yield particles not 
larger than '25 mm. in diameter, and the fine powder is washed 
off and separately treated by the magnet under water. The 
ordinary material is held on a card under the poles. When a 

* primUs Acad, dts Sd,, t. xxxii., No. 11. But see especially 
« Crook, Set. Progrmf July, 1907, and, for an electrostatic method, 

Vq). XV, (1909), p. 260, and vol. xvi. (1911), p, 109. 
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oertain tmwnt of material hai been attraeted, the oard 
drawn and a dean card or ^pmt snbititeM^ thw cartel la 
iben inteirnpted^ and ^ pteddlM 6dl^o^^ are edtedil^ ' 
Mr. Orook recomtnenda tba^ of ^e decte04na^ietbe 

forambed witb pole>|deoea» of aoft hrdn, l|^ wm ao^"^ 
teick, dieted io ai to mooe aoev olupwkldi dt ^ tbe 
eoda of the mi^Enel HicM peoea are thlmed najj^wed 
tovuds their which are bent^down aomewhi^ M itel ai 
fight aagbi. The ^jae^pent of iheee monhie peoM j^idea a 
doling meani of vyjing the mtenci^ of die mi^etraeld* The 
same arrangement U aUo effeotiee with an orfnaiylioltealkoe 
magnet^ and l^met and pyroxenes can be that eadly extciaoted.* 
The ppaaowton of the heaey hqaldi deooribed on. pp. 29 
to 31 has given to geolo^ts a most vainable medtod ior the 

^ isoiami of the oonatitamite of rocka It is dear 

/ that if eh prepare a jolndoa of denmty int^ 
■ mediate betere^ tbe denaitlei of any tero eon- 

^ stitaente, one these will float up to the intfitee 

H while the other will sink. H the Ugh^ mineral 
V is i;ii0 0]]]j 0110 to be ooUaoted and exilnitted, the 
opeiation may be peribnpd in an ordinary beidcer 
' and the sarm-initerial ^dmmed off with a 
^ > snatnla. for economy of the lii|ald» the beeker 
uonld be b^y narrow^ since some depth of liqntd 
mast be oted to dlow of p«rfoet s^mratlQn. If 
Kldn*s ecmvenient borotfinflltete of csdadnm solit- 
tion is nied^ die nowdteed mimt he treated 
beferehaad with dihite ecM ^ ensnrs die remdlil 
of earbonatea. 

The material mtiat be well stirred on immerdon, 
end both top and bottom layers sdrifi later to 
pevent entei^^iM of oonstitoeats 

sa mdier. The prddes when rentofod must be 
well mtbed wili^dbt&Ied water, or widi beniaBe 
Mmei|jflsoeiod^ b need in the sepa^ 
waddqk ue eclbcted in a dish and iMioiied 
downoiiU a eoneendited Eq^dds api^ 
'dirlttni|«sst w ’ 4; 

s ho s MgM w dh % iteteimd^ w with n le# m lo^tefeoiociplo 

mbit ^ 
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tootemplatedi or, f§r oiHinary qualitative o% the purest 
gruteifiRWt be aelw^ ^ r i- 

^Bui the, Bundrlt^ bf cases more delicate mea^^iepani^OD 
one of the neatest meth<^~ haa been 
13), A glass ^be, dy mm. in 
diitDpte cm; iong^ is graduated in cubic <^nti- 

At iU ^ w^ it is prolraged i^ a narrower tube^ 3, in 
wlii$ are two ^ps. Between <he taps a tube/^ enlers, baring 
above a rubber prolongation^ which is closed at will bf a piece 
ctf glass thrust into the end. The iube^ cah be clos^ by 
a .mbber^^rk through which a tnbe passes which may be 
oohnecied with ao air-pump t 

To p^orm a separation, a .quanti^ of the dense liquid is 
pom^ into «k The powdered^rock is added, the air-pump is 
ap^ed so tiiat the putides may be freed from bubbles, and the 
mmenls of' greater specific gravity tliw the liquid wfll Mi to 

nlheae »e drawn off throuj^ tiie two taps. Afrer each drawing 
off of the h^vier particl^ the tap d is closed, and the liquid 
thiihasmh out is. drawn tip once or twice into b by suiAiBg 
some of the air but tiirough c. In thisi^y the last particles are 
washed down out of h into the reodv^ vessel. Ar fine tube 
bent upwards at the eiid, ^rough which water is allow^ to run, 
serves to wash out h f hut the liquid becomes thus further 
diluted and requires a longer process of conoenti-ation before it 
can again be 

0 is then also closed ; iiuid watbr can be added from above until 
tlie liquid is soffidentiy diluted fi>r a fresh mkijual to descend. 
To procure a solution of particular density, the amount in the 
tube a is read o£^ and water is added according to the following 
'formda^-* ■<'■■ ■ . . ■■ ^ 
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thorough mtxitig of the liquid and the powder by sgitatioiii 
though etre most be t^eo lest psrtioles remain dinging to Uie 
wdee of the yeasel above the sui^ioe of the liquid The objeotton 
to tile use of tape i% however^ obvious, and becomes more and 
more forced ou one in practice. It is difBonlt, mereom^ io get 
a tap of sufficient la^ bore unless the msinunent has bm 
speeialiy made. Ine tap of Harada's apparatus may he got rid 
of by subetitating a piece of rubber tubing and a spring-clip, such 
as are often used with burettes. The portion below the tiq) or 
clip must be carefully washed ont^ to prevent the aoQpmulatton 
tiiere of crystallised products from Klein's solution, which will 
check free action when the liquid above has to be drawn off. 

The power of closing the vessel by a stopper above is useful 
in preventing the too rapid flow of the solution, since the 
outfoll of the h^vy particlee on the opening of the lower ondoe 
can only occur as air rnea through the liquid into the up])er 
port of the vessel. Bofc very many useful separations can be 
performed in the simplest possible manner in an ordinary open 
chemical funnel about 8 cm. across. A rubber tube end clip are 
fixed at the outlet of the funnel, and, in place of shaking, the 
powder and the liquid are mixed by stirring with a rod. The 
clinging of particles to the sides of the funnel and glass tube 
causes occasional errors, and all sodi sluggishly ascending or 
descending gnins must be touched and kept moving with the 
glass rod. Tlie rubber tube must be removed and tborouglily 
cleaned before ^tting the instrument away ; a bent tube, like 
that used witii Goulet's apparatus, serves to wash out the 
part below tlm clip during each successive separation. 

Dr. J, W, Evans {6eoL J/og., 1891, m 67) has found the 
following a safe and thoroimh method of removing the heavy 
mtnerala without drawing off any of the upper material Take 
a thistie-headed funnel or pipet^ the tube of which is frdrly 
long and will fit into that of the eepara^ig funnel from above. 
Snrronnd tiie end of thia with a fdoee of rubber tubing, so that 
it can he ihruat down mto the upper part of the nm 
teparatingdunnel and will thm art ae a stopper. When the 
s^wration has taken plaee in tiie liquid, and the heavier 
minerals are aU resting In the tube of thoseparatiug ftMeli Just 
above tiie ellp, insert tint stioppttr, udiich should he closid dhring 
its dasesut by u of gloa rod tirhutdown into H from above. 
Then reii&ve tiio tod, open tiie ollp, and the heatfor materials w^ 
come out usaa^ but without any neeaisity for praeautioh in 
tiirtr reJeasa Four disced water down the tubs m the sfrqppm, 
and the tube of thlt ieparatlng-faniiel will be thus efl^eatiy 
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washed out. Close the clip, remove the stopper, aud a second 
separation can be made further dilation of the liquid.* 

Mr. W. F. Smeetb,t however, sucoessfullj dispens^ with both 
clips and taps. He uses an um*shaped vessel with sloping sides, 
closeditbove bjr alarge stopper and open below, the cou&acted 
base beihg ground so as to fit into a tubular bottle, which has an 
expaode# lip and wlibh acts as a support. An extra glass- 
^stopper with a long handle is made so that it can4>e passed 
tlirough the upper opening of the urn and thrust down so as to 
close Uie passage into the bottle. The dense liquid and the 
powder are sliaken together in the instrument, the ordinary 
stopper being in its place and the urn and bottle remaining 
connected. The heavier particles will thus descend into the 
bottle. Now pass in the long stopper, moving it in the liquid 
as it descends so as to free it from any adhering particles of the 
lighter material ; close the base of the urn with it and lift ofS 
the um from the bottle. The two classes of materials are thus 
efficiently separated from one another If the urn is now fitted 
into a second and similar bottle^ a further separation can be 
proceeded with by removing the long stopper and diluting the 
liquid to the requisite amount. Mr. Smooth informs us that 
the instruments were made for him by Messrs. Becker, of 
Londoh. He suggests as the simplest type of this apparatus an 
ordinary funnel cut down so as to leave a stem half-an-inch in 
length. This is connected by a piece of rubber tubing with a 
glass tnbe which serves as the receiving bottle. The materials 
are mixed with the liquid in the funnel; its lower orifice ^s 
closed by a glass rod carrying an india-rubber cork at the end ; 
and the rubber tubing can then be pulled away safely from' the 
shortened neck of m funnel, the two parts becoming thus 
disoonheeted. 

Herr A. Hauonsohild has recently invente I a very compact 
and efficient apparatus, oousistihg of a large glass tap, with two 
lateral notches instead of a central omning, whereby the passage 
of particles is fimititated. Each end of toe short wide tube in 
which* this tap is placed is ground, and over each a tubular 
vessel with" a foot is fitted. The u|i^r nnd lower ends of the 
instruihOdt are thus identical, except that one is inverted, its 
foot remaining up whrds. The li^id and "powder are placed in 

* Mn H. Hartoy has desoribed a uutrnineiit of this tvpe, ^ch 
atoida toe use of rubbw (ifm; vol xiv., 1995, p. 69)* It is made by 

Meaani* MfiUer, Orme ft Cki., XonoOn. 

t Pincudings qf thq IMlm Sowiyt vol. vi. (new series ( 

1688 ),^%. 8oUm» flVwm. A 
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lower into wlikfa tlio mM ooatalniiiig tfio 
doMd tap end mtppotlm Ae iinrwted 
filled ; yie iwlr«Bi^le#pa 
Jiearler piiliQlei eiiUw 

baow ImIoW« tfb baibp fi g^a iyBMdidn ^a| | Bfiip^ ,^^ bf 


i’1ii'i nii li T ''i i i H ii l ii tfl '‘ii ri'T^i1^1 I ‘1 

I ^ r n -.w' I 111 ’ '■ . .1.1 

BraHcgnwr^ 


nej be veamd tw aii» acme bftie d^Mna^o^^ (•ei^^i}i 
hy iiuert^ a p^e^ of l^ mfl^ bcte, jdond el be baw br a 
stem ci^&qpMtograii^fmiadihe^^^^^^ 

0oltolmed|i w^iiod. " ebovw; the 

ppetle b Ikrm dom motil Hi and Uee i^gaiael Ihe grabt^ be 
extracted ; fbi b tbeb palled back ik»wfy» anii tbe fiaid 
and name fidlowii into tbe bibe A rery tbia fbd, beat 
op ^ one eait into a eiiKb:» b tbeu thratt down pHTmllel to tiie 
pipett^ and tie crook b j^led ap io aa to «ittf and^^pg Ike 
bottom ibi pipetea mw reaioro be^ togathert 
foteigii ipiint fern, tbe oitaide ai tbe p^ette witb b|otii%- 
pap^ a^ waih cmt tbe oolbetid aadia^kb»yy^^ ^ 

Wbero a Uq^id <^b%b deon^ b reqobe^lSrf J. W. Bekm 
baareQOiniBei^bd tbe aae ofcertein ee&ffamble ttita^on Wfh 
be bea^me^ I ceieail eerbe of expefifemta la lm(iffiMi 
18fi3^ B4fi/a ^ be tbaDtam 

lilrer aitmte^ wJdcb saoUi fl ffi* 0^ fiidaf a toci^ of aearly 
fi<X It ean ikai lo maa^idaM ba a wilerbatb, ^ caa be 
dilated by wele^ added «i«blly diop^^ 
iMorer, are attadEed Ik fbe jmi idialliiiia abrate aad 
eMiali), at fifi* GL» witb gave a^ 
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dtiioqtodi fiome* Xho sepamtod faeaTjr imnenilo^oui now be 
ploinfMl by ' 

lifM^ Ptofiold and Krefder CAmer» J. Tol^ xlyHii 1894, 
|b44l^ 189Vl>» aeecribe improved oppe^tae fi»r 

’(be '''' ‘' ^ 

^ Aoo^lpr, baV; more^ riel^i ^ method d ttolatmg particular 
w ***^^ <4fttnnaf ji In use of adds, 

eaiy dtitt to ez^sust ibe tUmtee or oilci- 
^jn hf duMlvi^ tbe sarro^^ii^; carl^fltttee d 
•eetio a^i but ell^«r aeideaiollkel;|rio destroy some of the 
minerals tlmt are to be nltunately ezanuned. It is obrions that 
blie Bltore and strong of the solvent need in each instance 
mod bokft to tbe judjpQeht of the obserTor. 

/ Ilk Foiiqn4*eniplc^ed hydroflaorie acid in the isoktioii of the 
morals of the laTai of Simtorin. fie placed about 30 grammes 
of roek-powdmr, from which t^Jnest snd the (x^srsest 
pardoles had bemi siflid o0^ in a plimmm dish into which con* 
centrOt^ hydrofluoric add had been poured The materials 
were uSiertM ouililottdy and stiiTed together ; the process of 
deoomposttion wasarrested at any requim sta^ by pouring in 
watw and waging off ^us the fluosilicates, fluorides, and 
gdaMwJua produfta that had been formed The materials, when 
wadied, should be rubbed irith the Anger undm* water to free 
them ibom list tr^ 

In this Irejr the amorphous |^issy matrix may be removed 
firana aromad Bnny minerals^ though it may 1^ difficolt to 
free emnpMtdy from if ^tfaout aeriously adaihing tl^ 

Qiyatala /Dm ftTromagneman minerals are attacked mdy tdter 
long Wmerdenjf^noe ^^ey can be isolated from quarts and 
feiiqpar with compatatiya ease, l^e add Is thus fdmnd to attack 
fiiat the glassy matter, then the fet^mrs, thmi quarts^ and lastly 
the ferro-maOTweian groun fuFtoamnn. ampldfa^ oHviney and 
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roek, or in special inveslagayona thoiix sarfaces of a pan^elo- 
pipedim cut from it He covered each each eurlaoe with a sheet 
of goldbeater’s skin or fine paper, increasing the transparency if 
neceenry by soaking the eovering and the &de of thejm in oil. 
The covering was amaed with gum. 

The onUinee of the minerals were then traced through with a 
pencil or fine pen, and the varioas minerals oolonred with 
different tinta. The tradng was removed from the ro^ and 
gnmmed to a sheet of lead ot tin-fi>il. The ontlines arare cut 
round with a pair of scissors and the pieces ef the same tint were 
sorted togeUien To avoid errors doe to im^lar thickness of 
the gnm and paper, each sorted grocp was treated in water and 
the fragments of the foil were alone finally used. 

These gronpt of ffagments were then weighed and compared 
with the total weight of foil that corresponded to the area or 
areas of the rook selected, the proportloiis of each mineral being 
thus aseertainecL Delesse found it convenient to estimate fins 
lamellar minerals, such as mica, by difierence. 

When a good balance is at hand, the paper may probably )» 
cut out and estimated directly, without transference to the foil. 
The modem method has beim to employ a thin section of the 
rock under the microscope, to draw the field seen with a camera- 
lucida or neutral tint reflector, and to weigh the various parts 
of the dissected drawing upon a chemical balance. 

line of the most interes^g results of such investigations is 
that mentioned by l>elesse, iHm found that minerals of a striking 
or ridi colour are present in much less pro|K)rttons than the 
appearance of the rocks containing them seems to indicate. 
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CHAPTER XV. 

THE PETROLOGICAL M10K08C0PE AND UtOROBCOPlC 
PREPABATIONR 

The microscope may be regarded as the one expensive piece of 
apparatus in the otherwise modest equipment of the geolc^ist ; 
but a good instrument will obviously last a lifetime, ^^ile the 
details of the stand required have been made the special care of 
certain welhknown makers, it is possible to procure first-class 
objectives second-hand, and to fit them as one’s neids extend. 

The essential points of the microscope us^d by geologists are 
09 follows : — 

(1) A good polariser and analyser, both so fitted as to be almost 
instantaneously brought into position or again removed; the 
analyser may be above or below the eye-pieoe, the former, or 
“ eye-piece mialyser,’’ being most suited for observations with the 
quarter-undulation plate or the quartz wedge when crystals are 
studied in convergent light. The outer flange of the polariser, 
and of the analyser if this also rotates, must be graduated at 
every 90®, so that the position of “ crossed nicols” can be easily 
found. In this position, when the shorter diagonals of the 
calcite prisms constituting the nicols are at right angles to one 
another, the field of the microscope should be dark until some 
crystalline substance is placed above the polariser. 

(2) Either the stage of the microscope must rotate, or the two 
nicols must he arranged so as to rotate together, as in the re- 
markable instrument now made by Messrs. Swift & Son, at the 
suggestion of Mr. Allan Dick. In either case, the orientation of 
any cmtal iif a section with regard to the diagonals of the nicols 
must bo ascertainable by means of a graduated circle and an 
index. If the stage rotates, as in most instrameOts, its edge is 
marked off in degrees (fig. 14). 

There must be cross*wlres or " siuder-Unes** in Uie ^e- 
pj|poe^ and a pin must project from the eye-pieoe and fit into a 
slot In the nmin tube^ so as to preyent any nation of the wireB, 
vhieh ^re n^idlei to the diagonals of the crossed nicols. 

In aidinon, an easily removable aobromatio oontosttr sheukl 
be fitted in &e apertore of the stage above the Mlaris^, so 
as to oonverge the light upon any crystal brought into the 
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of au ordinary compact she; while the eTe-|Hece with ita 
croae-wires, and bearing the anaijrser aborr it, is conoected 
hy toothed wheeU and a rod with the polariser below the 
stage. With the finger touching one of these toothed wheels, 
the observer causes the nicoU and cross-wires ;to rotate to- 
gether, and the vibration directiona of the nieola are thus 
brought parallel to particular directions in the crjatal under 
ezamixmtion, an am^ement that renders unneoeasai^ the rota- 
tion of the crystal itself The necessity Icr adjusting any 
particular power, However high, until it is exactly centred is 
thus entirely done away ^ith. * * 

The converging lens slides ifTand out in a groove out in the 
stage ; and a number of other Ingeuous details make this petro- 
logical microscope the most remarkable Ibat haS appeared since 
tlmt of Nacbet, tmd certainly the compactest and most con- 
venient of any at present u\ ihe field. It is adapted, however, 
to higher requirements than those most geological students, 
for whom the various types of strong instruments with well 
centred st^s provide all that is necessary in ordinary work. 

It is often useful to examine small ciystals or giains by 
reflected light under a po’^^er of l-imdi or*lJ-inch focus. For 
this purpose the little support suggests by Sif T, H. Holland * 
serves admirably and is m^e. A hemisphere is cut out 
of cork, about } inch in diameter, and a small hollow is sunk in 
the centre of the flat side. The object to he examined ia fixed 
in this hollow by a little wax so that it occupies the exact centre. 
If the hemispherical sut'face is allowed to rest in the circular 
aperture of the stage of the microscope, tHe support may be 
turned about in all directions without tKe object passing out of 
view or out of focUSi Sir T. H! Holland suggests a fu^er use 
for this support. By, turning out a conical hol^ completely 
through the hemisphere, ^ idening below, “ this simple contriv- 
ance maylbe euiployed in transmitted light, for adjusting sections 
0 ^ crystals which are supposed k> have been cut in any particular 
direction; but which, as is almost always the c&se, only approxi- 
mate what they arei^preBented^to be. Suppose, for example, a 
section of a doubly redacting uniaxial crystal is required, normal 
to the optic axis. Then % employing the hemisphere, the 
section can be^ so adjusted that its optic axis is exactly parallel 
to the line of. oeHimatiou of the instrument.’’ 

Small objed^ such as" sand-gi'i^^ may be examined dry upon 
a glass slip, or by transmits light when mounted in water 
under a covei'-glass. Should it desirable to preserve the 
* jScKftoe Qmip^ No. 291 (Maroh, 1989), p. 88, 



1S8 


BB Mimtoaoon. 


for refleolad bo 

f^wi i^of BB^wood br 
12 m tbidkw 

oldBeti to M ezBatiaeo, Imb tk “ 

Miitob. t^ o ifon pMoe^^ 

tlMiidoliMt olg«dB^ 

ftxod miiuifo drmlaf goia to tbit doQ IMe ^fiRmd ; ^ . 

^Billtldt pofitbiL utre matt be token to Wrait tiM |m|iibiii 
lii^ on to tbf iiidee of tbe objj^ tnd mpirtiBB to ^M ta 
erlifiiti tfi^MMUiee' of ^ wy tnpMiti of oMbuHiiptf ^ 

loeked in gam otn be folded into any m w wben bm^ Sm 
will prop np t Bunate i|«ciinei£^ enr reqnood poeitioiL 
Fbr ue wf^ tnafBiitttd li^ti tbe objeete tre moonttll in 
Oenedt battanif wlddi bas t remotave mm enffidmitly big^ to 
promt ^e #rtobordmed efl^ and impitfoot toantparenej 
netitotble when air or eren water tonoonde tbe mdmen^ 
With delkate objeeto tb»ba1«ain moat be dilated with benaote 
and tbe g^tly laid on tbe tcm like iHde mutt then 

be dried at a tompemite of abont 72* u, the (^irit bdon thoh 
driven o£ Twiaoertaan if tibe p w j b w baa gone gofficienuy for, 
pidc op ftoiik tini6*lQ ti^ with a iplinter or loatob-atiek a little 
of' toe balaam'^exiid^ toond the edges of tbe oover^laaa. 
IKieetly tbe tamide that ramoTed it eold, preai it with tbe 
tbondHkiO. If it it britlH ^ whole bthm will beooiiM bard 
andArm oo ooolingk and tiie elide may be reinoved from the eir- 
batb in wbkh ft baa been dry^ 

If tbe objeeto m ttronm nke iand*graio% tbe beltam nay be 
dried prerioot to nae^. A HUle It aofoened % beat^ and tbe 
oldeeto ere allowed to nnk In it on tbe slide. Ine ooveMlaaa ia 
la& (pn while all it warn, pened down, tad the slide m kid 
eridwto edit One nott U exeretied to prevent btbldte from 
foradng in tbe balsam or tbe ntts foon beomring too brittie 
•nddkokdooiedbyovnsbietbg. ^ 

often, the nrettote in ^mdng toe ooft^jliiiwkk 
potktiflik fortes Ibe looae obietoi ooiirtfds or to rim 

pre pB «yto»P > Mt €» Softy ^ reoomi^di tbe foUowiag 

wmAm. 


TtiE MICROSCOPE. 


129 


originally added, enough remains under the larger graitis to 
bold them so fast that they are not squeezed out with the excels 
of balsam.” The gum should be in so small an amount as to be 
invisible after I he mounting is completed, except on an examina< 
tion of the under < *(le of the preparation. Gum tragacat^ la 
especially neat and aerviceable. 

It is scarcely necessary to remind workers that the water used 
in any treatment of microscopic objects must he distilled, since 
on the evaporation of ordinary water all manner of ciystalline 
salts are deposited iipon the objects. 

To remove the balsam exuded round the edges of the cover* 
glass, the whole is allowed to become hard ; the more prominent 
parts may then he chipped off readily with a blunt knife, the 
point of which must be kept clear from Uie edge of the cover; while 
the slide is finally and neatly cleaned with a tooth-brush dipped 
in methylated spirit. Wipe and dry at once with a soft duster. 

Where microscopic sections are required, the preparation of tiie 
object is often a matter of considerable time. In the case of 
fi-agmental substances, an ingenious method suggested by Dr. 

, WalUch * may he applied after a little practice. A small glass 
slip, or square cut from plate gloss, is laid upon a metal plate over 
a spirit-lamp. A drop of nearly dried balsam is softened upon 
this by heat^ and a plate of mica is laid on it^ becoming thus 
cemented to the glass. The small objects of which sections nre 
to be prepared are then embedded in further balsam upon the 
mica surface and arranged in any suitable position. Wheu this 
balsam is cold and firm, the glass is used as a handle by which 
the objects can be held during grinding. A fiat surface is tiien 
given to them as they lie in the balsam by rubbing with water, 
or even diy in delicate cases, on a hone made of Wa^er-of-Ayr 
stone. The surface is then washed and dried, and the glass is 
again lightly heated. As«oon as the heat softens the lower 
film of balsam, that between the mica and the glass, the mica 
must be lifted up with a pai^ of forceps and turned over on to 
an ordinary microscopic slip on which a little balsam has been 
heating, "i'he ground surface of the objects is now downward^, 
and they become fixed on cooling to the glass sljp in the pc^tions 
originally selected. When cold, use the new dip as a handle, 
flake off the mica lightly with a knife, since it now forms the 
^urface-layer, and grind the newly expc^ed side of the objects in 
the same manner as before. Wh^ transparent sections have 
been thus prepared, wash, soften the balsam by gentle wuniii^ 
and affix the cover-glass. For details concerning tiie making of 
• Ann, and Mag, Afai, iTiaf,, 3rd ser., voV. viii. <1861), p. 58. 

9 



ISO 


fBB iiidioeoop& 


««eelfaiai obj«Btt In* Mdi miilhodi,'M ClliiifiiM 4 i{ 4 bi«» 

?ol L, Loiii»»i I 088 , p* 45S) ftbd Stdber 
wtiiMDm di 189$). - 

iUMpriiidfm ara mTolrtd In Uie pt«pafi|ioii<i&|klloot 
||nblmb and Toahea aoeli aa aia ordinarUy axamiiM If tba 
4^^ A ocuTOiiMitly thin eldp ia dui^ 'aitd-# aiiNDt!i 
Sttriaae la^^Ten to it on one idde. For tUa pntpoaa ilia kaldl it 
^tha band and rabbed down with ama^ and water on a |daaa df 
^plato^l^ abani IS indiea aqnare. Emarf, of tba coananoM 
imown aa “lO^boJe,” mar be xmd at drat; tW "90lKda”: add 
iban a carbmadnaa' bona, with t^o anrfaoai ;of diS^nt 
dtoanaM^ . ^ba apadmwk moat be waahad on tnna&raf^e ftom 
*aaidi gfida 'of rai^nial id the next. When objeota, jraeb da 
b£ra of a window, oaa be aean rafleotad In lha pr^nrail 
knrSme^ Ibk Aral ata^ of the prooaaa may be oonaidered 
afii dniabed. Tba obip ia now eemanled, the p<di^ad anrftcd 
^^doi^warda^ by maOna Canada bataamf to a ^aaa bandl^ 
'^praforaUy a piaea of pkWglaaa abonl 1) incbaa aonam When 
•too eamani baa become naid, no trioe of bobldaa ahonld 
nppaar between Ibe sn^Moa of tiia apaaimaa aid Ihp glam. 
Il'pelanly they win gleam, aa aaan Ibn^b the clam, tike 
•IHIIe tominal globnlei^ and meal ta got rid of fbrtbar 
beattng and probaldy hj the apfdkatioii of more baUam. The 
‘inrfaee tbna dniabad and eemented down^&ivini (me aide of the 


toctioainltiBiatriy prepared. 

* onier aide of Uie ipeotmen ia now aimiterly ground away, 
dbe dniahing tondiea bdng giren with a caiborindom Inme ^ 
d Watet^if Ayr atone. Chre mnal be taken in oidm* that the 
eentrai wee, ud not merely the edges, may become dnatly thin. 
Very ddkale aectiona mnat be tamafnted at an eariy alaga to 
the iip on which lb«y are to be^immted, and ddbhM in Ihbi 
inateaaofontto handle of p l a t e 
In ordinary caaoa, bowerer, the aaetlon is oxandnodniider the 
mieroaacpe belSMe xemoral from 410 gluB handle, to aee If it is 
wafidiaiiwy and nnldirnily thin* It la then piaoed In a bath 
of brnmne te some dve Or alx bdnra, to the end (d wldeh time 
It can be doetod off frtoa thobandlo and transferrOd earefhtly by 
4 aaettefifrar (a bant ^aea to toto metol In a wooden bandle) 
on wirfto tnlaam to alioady 
‘ piomeaei are aa deaerCbod <» pp. 198, 199. 

ftonto, rc|* nln. {I9l9h p» to j 

leMamntoi Wpinm 




THM MIOBOflOOPB. 


15! 


7o feToid the long grinding thnt must oew cliips are 
aaed, profeasional worken always employ in tiie ilrSt instance 
a lapidary’s cnttii^ dise, whioli is an iron disc arme<^ |rom 
time to time^by forcing diamond-powder into its edg& 
diamoiM is miied irUb a ItIUe olive oil and placed with Ip 
finger on the e(^e of the <£se. The disc is then slowly rott^e# 
while a snr^ of flint or agate is pressed against it^ the tiny 
splinters of diamond tbns beoomix^ set in the iron like Uie 
teeth of a circular saw. A well-armed disc will cut p^aps 
some thirty ordinary sections, and most be re-armed directly 
it ceases to give a desa cat and a sharp hissing noise when 
in motion. Discs stymd^ ‘*diamond-saws,” armed for very 
prolong^ work, are mi^e by Mr. 0. J. Whittle, 50 Congress 
etreevBoston, Mass., An 8-inch disc costs alxmt ^3 lOs; 

The is preferably placed horizontally and rotated by a 
band working firom a wheel driven and controlled by hand. 
The specimen is held in a clamp and is drawn egainst the disc 
1^ a weighted cord passing over, a little pulley. The disc must 
be continuously lubricated by a little stram of soap and water 
kept running on to it from the tap of a vessel set above it j or it 
can be kept lubricated by soft soap, kept in a jar and painted 
on at intervSls with a brush. 

By such a machine thin and even Urge slices can be prepared, 
i^hich require tittit grinding to transform them into micros, 
soopio sections. S^uons, moreover, can be cut from minerals 
in speoial directions, by careful adjustment of the specimen in 
the clamp.* Small Specimens can be held by bmg cemented 
on to a block of w<^ by means of the “electric cement* 
described on p. 31, the wood being then fixed in the damp. 
Friable objects, such as pumice, must be saturated in hot balsam 
in ovei^ a spirit-lamp or Bunsen-bumer and allowed to 

become thoroughly cool. They may thao, with care, be cut 
dike other materials. > ~ 

imally, it may be osefaU to mention that emery can be 
obtained in London for about Is. fid. per 74b. packet Diamond- 
splint, which must be p<^ered in a steel mortar after purchase 
costs about lOs. two carats lasting n consideKablfl 

time. JThe iron used in lapidary’s work are sopdled by 
MenSa CMNphS;A 'Jdins<m» of 14 8ti«e^8oho, 

and Meseia. Plume A Fen^, 47 CHd C^ptra^Str^t, Ld^ 
Ifost iamatears, ^weier, will require only a Jew seetsona 
in the course While it is of very greiAimporkHo# 
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to havi practice and confidence in the making of rock-sections, 
it is fortunate that now in some towns professional lapidaries 
are available, ready to relieve Uie geologist of work that is in 
the majority of cases tedioua ^ 

That the applioatton of the mi«oscope to the atudj of rooks 
fa by m means a modern development has been already seen in 
eur review of Cordier^s classic investigatioDs. Some older 
aoth<^ notably Delesse, derived great advantage from the 
examination of polished soriaces of rocks under the microscope ; 
and) such surfaces being commonly procurable in all countries, 
whether among the debris ol ancient Rome or the workshops 
of Indian artists, it is of considerable profit to have studied at 
least a typical selection. Though polarised light cannot be 
employed, there are in some cases actual advantages over a thin 
sectioii, inasmuch as the rook can be often examined by a low- 
power objective for a considerable depth, and the tridimensional 
character of the various objects and itruotures becomes realised. 
As a brilliant example of results gained in this manner, we may 
cite the pUtes and text of Belesse’s JiechercfM rur Ut Eoehea 
a memoir that should be looked at in ibis oonnec- 
tion by all to whom libraries are accesiibiei 
While it is now well for the beginner to study carefully a 
series of rock scctions under the microscope, these should never 
be considered ajiart from the rocks from which they have been 
cut. After understanding, with the assistance of the sections, 
the main points of structure, an immense amount of work can 
be done by powdering up a rock, sifting where necessary, and 
examining the fragments on a microscopic slip, first by reflected 
light, and then mounted in water or balsam under a ooyerglaas. 
The methods of Oordier (pp. 110*113} must never be forgotten, 
since the expert in the use of microscopic sections is spCaomo- 
tunes to lose sight of Uie form of the solid mineral, and of all 
but it« optical characters. The powdered rook naturally lends 
itself to the isolation and ocunplete testing dT its oonstituonts 
(p. H3> 
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CHAPTER XVI 

THE MOEB PEOHIviVT CHAElOTBEa TO EE OHBETED IX HINIEAU 
IW EOCK-SECTIOMS, AVD AS UOLATID OETSTAU UVOSE THE 
XiOBOSOOPS. 

A 

It u well koovn that some mineimlt, luoh as oiamlUAi are 
opaqao evoa In ibe ^inoest seotioos jet prepared. Henoe th^ 
characters most be stodted bj reflected ltgbt» which maj con- 
▼enieoUj be oonoen^mted on their surface 
bj an oraioarj condenser on a stand, or bj 
fitting op a pocket-lens so that it oan be 
moTed aboot opon an upright rod. The 
annexed sketch (fig. 16} U a suggestion for 
such a oontrivanoej a stout brass wire is 
fitted into a steadj base, mid a large cork 
slides op and down open It A second wire, 
also thick, so as to m^nt a good tarfiwe, is 
bent at ri^t angles; one end is throat 
tbrooffb the cork and the other carries a 
second cork, projecting out sidewajs, which 
can thoa be raored in three direetions. A 
part of Ukis oork is cot awaj so as to form a 
slit, into which the handle of the lens to 
and in which it is held bj tigbtnen. The same sort of arrange- 
ment maj be osefol for holding a lens in ▼arions positions, whmi 
small loose objects are being examined bj thia inatrument alone. 

The diaraetm that can^be stodied in mpe/ju/t minerals are the 
tom of the secrions, the colour and lostre rsdeotad 1|^^ the 
dearages (whldi often appear aS black lilies ot cracks) and Che' 
I»oduoto of decomposition tiiat occopj the cracks or surround 
theerjitaL 

The dumtors of iramkumU ndaends maj be separatdj 
treated as follows s— 

lock-sections allotttoofpto orrstals, mf dioie that 
acobomtod merdj bj abutting agdnst ndgnboaring fom% are 
sooemBEon tlmt die w^ker is at the outaat to fod disoour^sA 

The jMsmorphio orjtoht widi thdr prt^ bo und a f ies, in 
whjMi he haf po ddi^t^ during hia mineralMieal stodiee, 
as it mtefeetkif OBnoiidee when 
foimpiifol^srfth the bumb of to erjEtstoe stotBiioeB wto 
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Wilieli he has to in rocks. But he soon realises that- 
^affident traces of regular Outline freqaentlj remain from which ^ 
be can build xip some well-known form; while in the laviw V 
number of sections are so sharp and satisfiicioiy ^that he can[ 
determine the angles between Tarious planes, compare one retult- 
with another, and picture to himself the complete crystal from' 
some ten or a dozen scattered sections in a e^de; t For the' 
correct appreciation of the objects thus seen under the microsx^ 
a knowlwge of the solid forms of minerals and •Buneral'aggre- 
gates Is-ebviously necessary; the study of ** micropetrology ” 
becomes*^ otherwise someth^ artificialt extra-natum, and^ is 
liable to be looked on with hesitation by workers aooustomed to 
rook-masses in the field. 

Just as no mountain-mass can'^be descnbed by a stranger 
from a number of hand-epedmens, however Ijeautif^ so no rock 
can be adequately described from isolated microscopic ^hctions.' 
Again and agun the observer will pass from his s^ion to the 
scud spedmen, and from this, in memory at any rate, to thOj 
meat mass of which it formed a part Even in his choice of. 
descriptive terms,li6 will remember that nature is tridimensional, . 
and t^t the object regarded by him under the microscope as a, 
** plate” or “lath” may be of considerable thickness in a direction. 


perpendicular to the sectioiL 

Having determined by, a series of optical tests that certain 
lections in a slide belong to the same mineral, some frdr deduor, 
tions may be made as to the nature of the solid form. A 
mental enquiry is, however, how has' the rook-section bOmi cut^ 
with regard to any stmctuiml peculianty of the mass t Thus. a. 
foliated rock will yield elongated and even wisphlike sections of 
its minerala if ont perpendicular to the friliation-plan^ whUe 
more or less expwided lenticular forms will appear in slid^ 
prepared parallel to tiiese planes. A rock, again, in which , t^e 
minerals have been uranged by flow may ozdiWUy show a 
number of prismatic oi^nes ; yet a section pei^endioulor to the 
direction oi flow may irepresent the prismatic rods as square or 
almost circular areas, sugi^tiye of cubes or granule. dn^ly, 

the minen^ so arranged are prism^ the three axes of 
differ eonaidmrably in len|^ the majority of sections may 
iqipear ai fitirly short in one slide, as long ones in 

Mother, and as broad plate-1^ formo in a tii^ : The ahBexe^ 
diagrams (fig. 17) will aid in making this matter <dear. ’ ; ] 

. however, tiie eQ<^-speoimefi cm no peculiarities of 

stmoture, nhm ^ all aspe^ it lq<^ leasohauy rimilar ip 
oonstitution, a single slide wiU enable one to aacertalp 
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genml forms ot the minerals that it contains. This is the else 
▼itb most gnnitic aad microgranitic rocks, and with verj many 
of^ the lithoidal lavas. In these, if all the sections of one 
mineral appear approximately circular, as is the case with sinall 
lencite^ garnets, the true form must be granular or 
spheroidal. If rectangular scctioois and hexagonal ** plata ^ are 
associated, we are dealing with a mineral that crystallkes in 


Fig. 17. 

hexagonal prisma If square sections predominate, with a few 
rectangles and triani^es, the true form is likely to be a cube ; 
if hexagons and squares abound, coupleil with optical characters 
pointing to a mineral of the cubic system, that mineral has 
developm in rhombic dodecahedra or octahedra. Hexagons, 
pOExling at the tirst sight, are thus common in sections of well 
develop magnetite. The icosi tetrahedron, as in leucite, tends 
to produce octagonal forms. 

In the case of ordinary prisms with a long vertical axis, 
optical tests must as a rule be applied before they can be referred 
to one system or another. But the cross-sections, and especially 
those which are believed to be perpendicular to the principal 
axis, must be very carefully studied, and special slides may have 
to be prepared so as to include as many of these as possible. 
The angle between the traces of the prism-planes is of funda- 
mental value. 

In the measurement of angles, the cross-wires and graduated 
stage come into service. In dealing with this and other ques- 
tions, the rotation of the object is spoken of, since the description 
of such operations can easily be translated by those who work 
with a fixed stage and roiaring eye-inece, cross-wires, and 
polariscope. In all ordinary instmments, (hen, the point of 
junedoD of two edges of a crystal-section is made to coincide, by 
moving the slide upon the stage, with the point of interseetbn 
of the cross-wires in the eye-piece. One of the edges is then 
brought, by rotation of the stage, into coincidence mth one of 
the wires, and Uie angle indicated by the index on the mmrgin 
the stage b noted. Ihe stage is then rotated until the other 
edge in question coincides with the same wire. The angular 
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movement uudorgoiie by the stage gives, according to the direo- 
tion of liotation, either the angle between the two edges or the 
supplement of that angle. Of course if the two edges to be 
examined are separated by an intervening edge or a broken 
part of the crystal, their point of intersection, if produced, can 
be approximately fixed by the eye and btonght into the centre 
of the field. 

A number of such measures, and a number only, unless special 
optical tests have given proof of the crystallographic position of 
the section, will ultimately give a very good idea of the angle 
between particular faces of the solid form. 

While the best evidence of the presence of twin-crystals lies 
in their effect on polarised light, yet the re-entrant angles 
(dmracteristic of many such forms occasionally appear in sections. 
Crystals are, however, so often grouped together in irregular 
aggregates that re-entrant angles are by no means a sure sign of 
twinning. Occasionally, as in the little rutiles of some altered 
rocks, the whole form of a twin-crystal can be made out, the 
geniculated forms being in this case highly characteristic, lying 
AS they do embedded in the thickness of the slide. 

The outlines of crystals oft;en become injured by. the action of 
the fused vitreous matrix on them. This corrosion takes place 
mainly on the surface of the crystal, as in quartz, or causes the 
whole inteiior to become penetrated by glass, as in some 
pyroxenes and many felspars. The ramifying mesh of intruded 
glass shows in sections as a number of apparently isolated knots 
and “ enclosures j ” but careful tracing of their oiigin among 
many exeunples proves that they are in reality connected with 
one another by delicate filaments or sheets of the same material 
(see figs. 35 and 37). Stresses set up either during or after the 
consolidation of a rock will also tend to destroy the original 
outline of crystals. They may thus become broken and even 
ground to powder, or deformed and drawn out into almost 
unrecognisable wisps. 

Still more interesting and remarkable, however, is the evidence 
afforded by the microscope of the reconstruction and growth of 
crystals. Thus, by additions made at periods long subsequent to 
the consolidation of the rock, worn, injured, or imperfect crystals 
may be restored or raised to more or less perfect forms. In 
other cases, the additions may bo made to porphyritic crystals 
during the final consolidation of an igneous rock. The litera- 
ture of this “ regeneration of crystals” has grown of late years. 
The reader should consult a paper by Pro£ J. W. Judd| 
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^Qn ilie growth of ayiUls io igneoua rodb after thair 
io]idaaoii^(OwM^ GtoL 8bc., vol. xlr. (1889), p. 175^ 
We fiinre ^re two exampka (% 18^ one and om 

of honibiinuie; in the kiaeroaaetMinter^saoea between kyored 
and shifted omtala have filled np^ u it wwe, bj hnHng 
matenal, wldtt haa similar deavaM and whidh is opiioidly 
oontinnoos with tlm original materiu mi one side of the oiaoh or 
on the other. 


Clsmga.^The more' 
meat of oystals in roeksi 
and the st css a e a to whioh 
they are sabjeoted, tend to 
rereal the olaav^ of 
minenda by prodneiiig one 
or more series of fiurly 
r^laroracks. In sections 
thm are dit^gniahed 
withont mveh diflhmity 
from the ^ inorf ^rregnla^ 
lines of fraaHirs that tra- 
▼eie^irimost all the min* 
pidb. Decompositiott often 
marts from the dcarag^ 
]dane& 

ekavage'Oracka are 
ktt eleariy de- 
to ‘ 
the 

and this tet m of detflr> 
minatiro rained ^ns tho 
olearage of epidote k 
deaner and aharper than 
that of pjrrozene ; tho 
reotangnlar dearageays- 
imn of ohfiiiiiavery rarely 
apparinh;^iiii^ eachibita 



lig. ISl— «, PUgbolMe iadokifts— lyne 
«SMidil^k*,Koilhiiinb«rlaad. x 14. 
Ifk^eromd. Tbs oystd tws briO 
<nlai|id hf moaoduj ootgrawthi 
fats ws >*^>**** i jttf ^faf n om ii t miw. 

Mid the npaaked t«iiia& hai bMa 
exactly isprodassd. 6, Bombleads 
in diorits-nstr Oraadi Molda Ml 
Bhoa x40. The brown cmtsh 
amwar to hnro bow •Uftsd oaa 
afwnat thSotlMr^aBd the totonssiag 
ImgnlaraNSsharsbeeoais filled op 
liy ootoorieM ecoondaiy oatoowiha 
DOB eae dde or the otlMrla 'ooa> 
ttoaify widi die oiigfaud eiystala 

ooi' S; 

ao in a' very regular manner. An oUt^ne iUm 
a pewmr ama prove a miaond to be ^vod 
wlddi oihtowlae iqppears noHbrm iM 
Am aii^^ deavaoe under the^mieroioope. and aetud 
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•nperuiduoed hj altmtion, is very marked ia tiie oriUopina- 
eoidal sopantioi^plaaeB of diallage. 

SllGl0Slir8t.-^BOiigb any mineral may take up at the time of 
its formation emdosnrea of the matrix which it is derived, 
or may ihut op within itself preexisting crystals, yet natnre 
and arrangement of aooh enclosures should be Garefiillj stodied. 
The regolariy grouped plates already referred to, which there is 
^^excellent reason for classing as secondary prodncts, will be dealt 
"ll jA below under the head of Sohillen^tion but in addition* 
there are ofl»n crystalline or amorphous bodies, and’ 
Diinuimhivitiea containing gas, liquid, or glass, Which may have 
included at the rime of oonsolidatiou. 

CHass^dosures contaii^ng bubbles may frequently be dis- 
ringuiahed from liqnld-enriosares by the imnjobility of the bubble 
aud the occurrence of cracks or prodncts of devitrification in the 
dear sabslanee surrounding it. 

Idqnid-enclosures occur in various minerals, and are especi-^ 
ally abundant in the quarts of granitic and ni«tajnorphose<l 
rocks. They should be studied with a power magnifying 500 
diameters, and the smallest will be found to possess the most 
active bubbles, lu the case of some larger ones, the movement 
of the slide will cause the bubble to shift its position and thw 
prove the liquidity of the material; but as a rule it is the minuV 
enclosures which will, after a little practice in observation, repay 
the worker in a brilliant and most satisfactory way. Glentle heat- ' 
ing of the section will often aid in bringing about the unstable 
ooudirions which cause the movement, of the bubbles. When tto 
liquid has originally been a saturated solution, crystals urn liwf 
separated out in it as it passed into a cold con^rin^p^r^, 5). 

Ample observations have been made of laWyeais, aud may be 
r^eaM in any good colleorioa ot'secrions, to prove that liquid- 
endiwurm ofolEmAmirin minerals by solution acting within ^em 
riiey have consolidated. It seems impossible otherwise 
to account for the strings and bands of ** enclosures ” that run. 
continuously from grain to grain in some altered sandstones 
(quartsites), or in riie secondary quarts filling the cavities of 
ancient lavas (fig a). Indeed, the more the problem of 
crystal-growth and orystal-di^urion is studied, the more 
difficult it bmmos to point to this structure or that as un- 
doubtedly Itmdamental and eriginaL 

In addition to the endosnres of glass and 

didd, **On the Tcvtiaiyaad older PeridoUtesd SixrtUad.’* 
Qmuti /cara. 80 c,, xll (I8&), > 88S; alio iftaero%iea{ ifap., 

mv&tp 81 . 
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liquid, which are occasionally seen under the microscopo to possess 
r^ular outlines, and to represent, in &ct, the inhlling of negatire 
crystals, there are included in certain mineralB a^ host of bodies 
that siuiilarly owe their 
form to the crystalline sub- 
stance round them. The 
stages in the development 
of these minute ptate-lihe 
** enclosures ** have been 
worked out in a series of 
papers by Prof. Judd in the 
Quarterly Journal of (He 
Geoloyical Society and the 
jVimvalogieal Magazine. 

They have long been known 
in sections of the massive 
bypersthene of Paul's 
Island, and have been 
conjecturalty referred to 
various mineral sul> 
stances. 0. A ndcrsen 
(Ji». ./owm. Sci, vol. 
xl, 1015, p. 351) shows 
them to 1)0 hiematite. 

Tliey appear with mar- 
ginal ramifications, or 
with one or more de- 
finite edges developed, 
or finally as accurately 
bounded forms. The 
planes of chemical weak- 
ness along which tliey 
are produced become lus- 
trous, as in bypersthene 
or diallagc ; they also im- 
part the well-known play 
of colours to Uie surnu^ 
of certain felspars. This 
chaiaoter of minerals, termed mhiUer by German writers, bas 
led Prof. Judd to introduce the word ** schilterisation ** for 
process by wbidi the minute plates are devdoped* In stodying 
the characters of various mineral species under the microscope, 
we shaUisee the importance attaching to certain welhmarked 
scypt^typee. 


Pig. 19.-0, Quarts in altered rhyolite- 
Digoetl, near I'cnmachnb, N. Wales. 
X 40. The granular (juarU ii of 
Kcondary origin, occupying a cavity ; 
liquid enclosure • have deYclope<i in 
atringv which run eonttnuouily from 
grain to grain, proving that they are 
pottcrior to the qnartSL b, Liquid- 
encloourei with Dabbles and cnluo 
crystals separated fiom the suiier- 
saturated solution. In quarts of 

tourmaline- granite— Great Stiqile Tor, 
Dartmoor. x 320. o, S^ctores 

produced by achillerisiUbMa in tabra* 
dorite — Labrador. x 80. Three 

scries of rcgululy arranged plates are 
seen tn all stages of aevebpment. 
The j^tes practically perpeamoular 
to the secUon appear as thin lines. 
Bands of Uquid-enolosurte also tra- 
verse the crystal^ but not along 
regular planes. 
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It must be noted that the parallelism of the products of 
fchillerisation can be observed only in sections across the 
solution-planes on which they are developed. Thus some sections 
will show only a few scattered negative crystals, like little plates 
lying apparently hap-hazard. But some other section of tlie 
mineral will show these plates edgewise, when they will 
resemble lines, and the regularity of their disposition will be at 
once apparent (fig 19, c). 

A mineral may become schillerised throughout, or the pheno- 
menon may appear only in patches. Attention is commonly 
called to it, even under a l-inch power, by the fact that the 
products aro coloured, being often pink-brown or transparent red. 

Zoned Structure. — Crystals are often seen to be built ^up of 
successively formed layers, producing concentric zones in Sections. 
The slight differences in composition that may occur in adjacent 
cones, and the consequont difference of reff-active index, causes a 
fine line of junction to appear between them, especially when 
the light is sent obliquely from the mirror. These zonal lines 
are parallel to the outlines of the crystals, and must be distin- 
guished from cleavage-cracks or the composition-planes of twin- 
crystals, which will run right across the crystal parallel only to 
certain planes. 

The Bur&ces of the successive coats by which a crystal may 
be thus built up may become covered with foreign particles, 
which will appear as zonally-arranged enclosures in the sections. 
Polarised light may also reveal zoned structure, owing to occa- 
sional differences of optical behaviour in the various zones. * 

Refractive Index.-^ince Canada balsam, the medium com- 
monly employed in the mounting of rock-sections, has a maxi- 
mum refractive index of 1*549, or, in practice^ of 1*540, liglit 
passes freely from it to the interior of minerals having a similar 
index, and from these again to the upj)er film of balsam. They 
tbwa appear clear and with smooth surfaces. Quarts, with a 
refractive index of l'5l7, is an excellent example of i^hia 
class. It is thus said to show no relief. 

But many other substances, with higher mean indices of re- 
fraction, exhibit the roughnesses and irregu]aritie.s of tiieir 
ground surfocea where the light passes from tliem to the balsam 
or the reverse. The mirror should be set obliquely, or a stop- 
lens may be used. It is quite as convenient to place the finger 
a little below the aperture of the stage, so that the light reaching 
the section consists of the oblique rays from the mar^of the 
mirror only. Garnet will show this “ pitted ” effect in a most 

• See <» tills natter T.4vy and lAcroix, fics Afin^ttw* dw JtochtSj p, 85. 
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^Bspiouoiis manner. Where m nioenU of liij^ refraotive Index 
is surrounded b; others of m lower imtei, its boundaries vUI 
i^upeer as abarp^^ dutk lines^ and it idM osem to stand oui in 
leuef OB ^ surface of the section* i|| v 4 

Mineimla wiili a re&aeU^ indtox modi loirer than 
of ibe. balsam are rare^ bot will of ooorse ^exhibit tiie|||De 
effect 

Dr. R Be^e (Siisimgaber, der k, AM, dtr IFlsssiiseA*, Vienna 
Bd, oil, 189^ p. 368 ; see also Qrabham, ifds. yoL xy., 
191<bp. 341) has giYen us a most refined and pmotkal method of 
determining whether a rntueml in a rock section is of higher or 
ioww refr^Ye index thsn an adjaoent mhiml, mr tiuu the 
b a ls a m in whkdt iht section is emMded (see Ldvj, Dilsraa dm 
FefdMptdkt, pp. 69-63). Tbs Hue of junedon between the tem 
rninMals, or oetween one on the of the section sniyiiB 
balsam round it| is aomiratel y brought into £a«iis. A fidrl 
bower should be used. The li|bt £ould be thrown up 
nom the mirror; or, as 11 LeYjr prefers, the oonYcrgittg lenses 
are em{d 07 ^ a diiqihfam bei^ aihled below them to out off 
all but the raja from the cenM area. Tin eflpm inirior,^ 
howeYer, acta well in most oaaee. r 

^ The rays that come up through the substanee of h%bw" 
refraodYe index, and strike its surfiwe of junction with t^ 
adjaoent subetanm at in angle lower than duitof total reflecdon, 
ara all totally reflected, and are aooumnkted on the side of the 
substance <ff higher index. When the objeodve is digfady 
raised, a bri^t band it seen on that side— is., widiin the 
border of die substance of higher index. Lmotr the oldeodYe 
below exact foens, and the rays semn to eome from tba other 
si de - la , the Ifrigbt border Imb in the snbstanee oi lomt re*. 
fruedYS index (the two uses of the word lower* mal^ tim 
uattei^ easy to remmnberX m ^ 

* ThkobMNmdhAdetectaoiffereneea of index as small as 4109. 
Prat Idding^ in hit Jock if p. 115, h^ycs figuraa show- 
ing how the ^hct is hrongbt ahouW * - 

Tim nonierisai ^terminadon of die index or indkes of rsftme* 
don ftfamuiei^ fragment has been much fridtitated lm llr. 0. 
R H* Smidll impmed rsiraotometer (ifim Jfim., y^ xlt., 
1907, pb^Vmadahy J. H Stoi^ 457 W. Strmd, Lcmdom-^ 
Cfewiff lillldbMp Xlghte^T^ 
vMi ^ th^em of dba eaetton; and the 

gaadon jl i fti d ly glt^ lo d|» e^omr of mfriomls in mass B 
fied fsl^ara aiid hrMsO'like ssidit 
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▼ill bBoome oolonrleii in <^izuu7 Motions; graM-gtoen aciinolite 
nisy befanve ▼hile common hornblande retai^ Unts of 

green or bto^ In tllli case of minendi like tbe felspars abore 
mentionedt where Ihe c<^our is doe to alteration, ^ hnuismitted 
light shoold be cat off and the secfion etiunin^ by Ughi r^lected 
fron^^ snr&oe. d^liondj products will often thus become visible, 
▼hiw impart their colour.^ ihe ms^ 

The phenomenon of jdeoohroism lifmrr^ to on pi 89 naturally 
has oonsidmble effect upon tbe colour of thin sections The 
variability of the ftce^x>lours in the same oryst^ will cause 
striking differences in tbe appearance of a mineral according to 
the direction in which it is traversed by tbe section. Thus 
hornblende ma^ be dark green and pale yellow-green in the same 
slide, and biotite will be of various tints firom straw-yellow to 
rich led-brown. 


^v4l^B>ldeC<daoim tn 90y— The light emerging from a 
ITicol’s prism is* regard as vibrating puallel to the shorter 
diagonal of the prism. If we send light from the prism 
throtEfh a sec^n of a doubly refract^ oiystal, other than one 
'perpen^Cttltr to an optic axis, it wiU 1 m broken up into two sets 
of rays, unldsa the plime of its vibration is parallel to one of the 
vibration-traces of the oiyst^-seotioni It will in tiie latter case, 
however^ give us a pure axis-colour for the mineral section dealt 
with ; and, if this section has been cut so as to include the vibra* 
tion-directions of the frstest and tiowest rays in the costal, 
the'tauHMloUr thus observed will be one of those required 
in describing the characters of the pleochroism of the mineral. 
On rotating the SMtion, or the nicol, through 90% the other 
Mtiume axis-colour will ^ obeyed. 

This simple mode of observation of axiacolours by m^ns of 
thewingle nicol was introduced by Tschermak in 1869. 

The mere faet that a mineral is pl^hroic in its thin sections 
is M great determinative value. The polariaer is brought into* 
play J^eath it and rotated ; or the crystal-section is yototed'by 
means oi the stage above the polariser. If any change of tint is' 
obswyalde, tiie mineral is di^roic or trichioic, according to the, 
sytteil in wMdi it crystallise; commonly it is said to be 
pieo^iMo, It is obvious that the mdst intense 'pleochroiiT 
ofaM^i irill to seen in sections that contain the vihration- 
of the#^ and slowest rays in the crystal. An 
io ^ tourmaline, wheiV the plane polarised 
1^^ uiidMgdei ih tiuedeer seotions almost complete abeorptiem^ 
imn jh a direetinn imrpeadiciihtr to the v^tioal 
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cr^sU^Iographio &xia. In biotite, again, sections porpendicBlar 
to tbe bas^ plane are extremely pleocbroic, the i^aximum 
abfiorption occurring under the same conditions as in tou^ 
maline.^ 

On the other hand, the occurrence of non'pleochroic sections 
is no proof that the mineral itself is not laeochroic. Where 
tlier© is only a slight difference between the velocity of rays 
vibrating respectivdy parallel to tl^e two vibration'tra^ of toe 
action, the axis-colours for this section may be indistinguish- 
able ; and where no double refraction occui^ pleochroism will 
be entirely absent. Thus basal sections of biotite show no 
pleochroism, however intense it may be in oblique or vertical 
sections; and the same must be true of all ba^l sections ol 
indubitably tetragonal, trigonal, or hexagonal minerals. 

Hence, when in the following pages the pleochroism of « 
mineral is stated to be strong or intense, the remark refers to 
its average cliaractor in haphazanl sections, the true maximum 
intensity being looked for, as already stated, in special sections 
{see p. 143), and the effects being liable to great variation in 
sections of the same mineral lying in the same slide. 

In .some colourless minerals, such as calcite, tbe difference of 
refractiTe index for rays vibrating in different directions may be 
so great that a twin Idling ehect is produced on the rapid rotation 
id the polariser beneati] the section, which must not be mistaken 
for pleoehroiara (see p, 159). 

iJQtibla Befiraraon. — If, however, we insert the analyser aa 
well ae the polariser, cross the nicols, and thus observe the 
mineral, we frequently see colours produced which are due to 
double refraction in the ct^slal and the interference of tbe rays 
of tbe two groups when brought to one plane of vibiation in the 
analyser. Tbe strength of tbe double refraction (birefriiigmiGe) 


* Wbea the abMWptioa it to at to twote the light emenpng from 
the eryetol te ction to contitt praotiealiy of one sad aottwo wtsocraje, the 
etiwr set being anested, at in the cnee oiatec of tonmiaUne, e murioat 
eflecs may heoMM noticeable when axit-pl^hroifftt is being observed. 
Tbe lower niool and the abeorhing minenimay act together at a oompleU 


polaiiioope ; kiiwa if the elide is enoogh to allow of the pieteiioe of e 

mbIy-rNraetieg mineral between tbe planter and a lay^ of tnaabeorbliu 
eryeUl, iaterfmnea-ookiiin will be seen at this point witiiont tiie la^mpost* 
tuB oftimupp^iitod. This efliMt is often briliiaatiy seen where tbe ed|M 
of UollU or toamialiiM overiap quarts or felttstr iiLthe se et ioa. H iae 
iiUb le rotated nntll tha, raincTtf acting ae aaahaer it at Ite darkoat, tiie 
•Sirt due teoramed aloob ia produced; tint may be teited by Ina^ing the 
tree maHaer aheva when tbe oekmn alieady seta will remain unalterad, 
•howiiM that the light hae been already ^'ai^ysed/ and therefore oome 
threegn the ngpm mod witboat further change. 
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M expressed aumerioally by 7 - a (see p. 87), and tlM colours are 
high in Kewton’s scale if this figure is large, say '040-, and 7 b «7 if 
it is small, say *005. A mineral giving high colom is said to 
hare strong double refraction, the lovr colours inm^ting weak 
double re&Mtion. These colours will also depend on the tbick< 
ness of the section and on the direction in which it has traversed 
the crystal; their intensity will depend on Uie position of the 
vibration-traces of the section with regard to the diagonals of the 
nicols. Firstly, then, for oomparative purposes secth^ns should 
be of equal thickness. Secondly, the most dist^tive effects 
are gained from sections that contain the vibration-trades of the 
fastest ray and the slowest ray in the crystal. Thirdly, the maxi^ 
mum brilliance of colour in any crystal-section is obtained when 
the vibration-traces are at 45*’ with the diagonals of the nicols. < 
The thicker the section of a mineral, the higher the colour 
yielded hy it between crossed nicols; but, in ordinary thin sec* 
tions, minerals of strong double refraction may easily be picked 
, out from those of weak, bv the difference of the tints exhil^ted.^ 
Sxtinetioii. — But it is obvious that when the vibration-traceS 
in the crystal-section lie parallel to the vibration-planes or 
, diagonals of the nicols, no double refraction will occur. The 
iteys from the polaiiser traverse the crystal-section without being 
divided and rotated ; hence they reach the analyser unchanged 
and are totally rejected, just as if no mineral intervened. The 
section appears, therefore, dark ; it has undergone extinctiott. 

The vibration-traces in a crystal-section being always at right 
angles to one another, the section will become dark in four posi- 
tions 90^ apart duriog rotation between crossed nicols. These 
positions of extinction show us then, conversely, the positions of 
the vibration-traces in the section, and may be stated as oocurriug 
BO many d^frees away from some known line m the crystal 
For the reading of augles of extinctjbm certain eiyatallographic 
directions are selected, such as the vertioal azis^often indicated 
by deavage— or the edge formed by the intersectimi of two paf» 
ticular plraeSk This selected direction is set pandlel to 6 ne of 
the cross- wires of the eye^ece, tod the reading of thj» gfedimtad 
circle is taken. The stage is then rotated until the crystal is 
at its maximum darkness, and the angle trough which it has 
been moved £^vea a measura of the position of extinction; 
In ‘accustoming the eye to correctly estimate this position, 
it is well to take rwings dating a complete rotation, the 

^ J dy^dy rfbes a met^ by which difltoencss of 

■ W A 
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ligures recorded difTerbg, if the observations are accurate, bj 

exactly 90^ 

. It ^ould be noted that sections perpendicular to an optic 
axU of a biaxial crystal do not become extinguished during a 
rotation ; such sections may easily be tested by the use of 
convermt polarised light (p. 151). There are also some few 
mineraTs in which • the optic axes for light ot different colours 
differ widely in position, or even lie in different planes. Hence 
the poaitioa of the bisectrices, which control the angles of ex> 
tinctioD, cannot be stated for ordinary white light, and sections 
may be rotated between crossed niools without at any time 
becoming actiudly extingaisbed 

Various optical aids have been applied to the measurement of 
exiinctiona Thus a quarts plate cut perpendicularly to the 
optic axis, and giving, by rotatory polarisation, a particular tint 
between the mcols, is sometimes inserted above the slide. As 
long as the directions of vibration in the crystal- section deviate 
from those of the lower nicol, so long will the crystal Impart a 
new tint to that part of the quartz plate which lies above it. 
But when the position of extinction is reached, the action of the 
or^Ud it nti, ai^ the whole quartz plate resumes its uniform 
cmour. A selenite plate has been similarly used. The Bertrand 
^^piece, a development of this method, is still more delicate and 
satk^tory in use. The quartz plate is made of four separate 
sg^rs^,moeting at the centre of the held, two of them, througii 
rotatory polarisation, rotating the ray to the right, and the 
alternate ones to the left, the four having between ctt^sed nicols 
precisely the same tint A crystal placed with regard to the 
poiariser in any other position than that of extinction imparts 
opposite colours to the alternate sectors when brought into the 
centre of the held ; and its vibration-tra<%a are parallel to the 
diagonals of the lower nicol when the colour of the four sectors 
iff restored. On these methods see Wright, Am. J, JSci.r vol 
xxvi. (1908), p. 349. 

Id measuring the angle of extinction, every regard must be 
had to the direction in which the section has been cut Tbe 
moat important cases to consider are those in which the form it 
prismatic and the section U judged to be parallel to the principal 
axis of the crystal. 

In the ieirofiOTuU and systems, all sections from the 

prismatic xone will become extinguished when their principal 
axis is set upright in the field between crossed nicols, and 
therefore also when this is placed horizontally. Buch oases, 
where tbejiirections of extinction are parallel to the edges of the 
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rectangular sections, aud thus to tbe axes of form, are said to 
possess sUaight extinction. 

.. In basal sections of crystals of these two systems, the velocity 
of rays vibrating in all directions is equal, and hence no effect is 
f>roduced on polarised light. Such se^ions are, in fact, perpetu* 
ally extinguished, except where rotatory polarisation occurs. 

In the rhombic system, all sections from the prismatic zone 
possess straight extincUon- 

The base and all inacrodome and brachydome places, though 
not necessarily rectangular in outline, extinguish' parallel and 
perpendicular to the traces of the pinacoids when these are 
present, or to the axes of symmetry of the sections when they 
are bounded by traeea of other planes. The straight extinction 
of all possible sections , of the prismatic zone is a very distinctive 
character. 

In the monodinic system, the only section of the prismatic 
zone that posseeses straight extinction is that parallel to the 
ortbopinacoid. Hence all ordinary vertical sections show oblique 
extinction, which is commonly measured from the direction of 
the principal axis, as. indicate by! the traces of other planes of 
the prismatic zone or of the vertical- cleavage-planes. The 
inclination of the direction of extinction to this vertical lino, 
increases gradually as the section departs from the orthopinacoid 
and approaclies the clinopinacoid Since in the latter plane, 
however, it may amount to only some 4* or 5“, certain mono- 
clinic minerals may be set down on hasty observation as 
rhombic. 

The orthodomes and the basal plane behave like the domes 
^nd base in the rhombic system, but the clinodome extinguishes 
obliquely. 

In tlie frtc/tnie system there is no fixed relation between the 
directions of extinction and the axes of crystallographic form. 

Optioftl Sign. — When, by observation of the directions of 
extinction, the directions of the vibi'ation- traces in a section 
have been found, it often becomes of importance to determine 
which of these belongs to the fast and which to the slow ray. 
By the use, moreover, of several sections of a biaxial mineral, 
the relations of its principal vibration-directions (corresponding 
to rays of greatest, mean, and least velocity) to the crystallo- 
graphic axes may be determined. The importance of these 
points for determinative purposes, in the case of minerals otlier- 
wise resembling one another, may be seen from the remarks on 
p. 88. 

The only means of determining the character of tiie vibration- 
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diroctiotts to which wo need here refer is tbet UTolyuig the VM 
of the quarts wedpe^ This is so out that its longer aVts is 
parcel to the optic axis^^s.) to the Ifwger axis the <^^ioal 
mdieatrix— of the original c r ysta l of qnuti. The sloweel-imj 
^braUon-traoe is thus paraOu to the length of Uie wedge^ and 
the htfteatHraT trace p^pendieolar to it When the wed^ is 
placed with ueee iraoea^at 46* to the diagcmals of the omied 
niools, and is moTed om the field of the nioroeoope between 
them, a aeri^ of bands of eoloiir will be aemi oroming ii^ lisiag 
in Kewton^ ssale towards its thiokw end* Theee arei oC ooaroe, 
the iaterferenee^oers due to the particnlar thiskiiees of the 
wedge at any p^t; th^ cause is admirably stated in Qroth’t 
PkmikdUekt Kfyitaltogrpphk, Selenite^we^es are also ased 
For thedeterminatioo of the nature of either of the rihration* 
tra^ in a crritaleeetion, the aectkm is placed in a podtion of 
extinction and then rotated through 46*. The qmrta wedge Is 
then moved above it^ eiUter across Sie stage or %tnigh s speoisl 
s^ so that the Itmger directaon of the w^ge lieameiiUel to ^ 
directhm of extinction that has to be determined in tiie ciystsl* 
If thie directioD la also the sk>w*iay vibratioH'traoe in the 
idbtkm, the colour due to the quarts wedge will rise, as if the 
^wedge beo^ thicker where it overlay tiie ^itel. U, on the 
othw band, the direction U the ftst-ray vioretion-traiM^ 
colour will be lowmed, and socmer or latmr, as the wedge eon* 
tinuet to be inserted, co eyea sa lt on or blaAnesi usuaHy a grey 
effec^will reeult. If Uie wedge ie still fiirther Inserted, 
coloun whkdi the ininersl has just di^laved in a desoen^g 
Q^er will be exactly repeated in escenoing order, end this 
r^wtition equally ou.^eMb nde of the poaitton of oompeniation 
is, ss M. L4vy pointi'but^ the best posdble that oompenm- 

tion has really oocurred. Test the seetimi now by inserting the 
wedge ahmg the other vibration-traon The colour of tiiesmim 
wtil rise ccmtbi^Hisly, and no derknem dne to compensatiMi 
willoeonr. ^ 

^ ^^WBiiiiefnlB with very strong double repletion, such ^siroon, 
a steejM wedgethaa usual will be required. To obtain good low 
tinte, Mr. MAony (ifaftif^ vol lixir., 1906^ p. fill) kye a otica 
pkte over tin quarts wedge, with itsfiMrtiay Usoei^lel tothe 
Blow trace of tbs ouartBi J>r* J, W. EvMufs arraageMit of iwo 
queris wedgse el& by side, with tMr optic axes perpencBeiilar 
to m anomr (IftedVcg., vol xhr*, 1906, pu 91),ettab£Ml ^twe 
o<»ottr<46Mi to be seen timultaneously ano.vmry elkstifely* < 
Tiik-m p iyt. ^Bic e | ^ in eertidn eeetions, the two kaves of a 
simpk iwfavor tim Hyacsiit lamelUi of a fepeatod iirl% wQ glva 
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difierent colours betwMii crossed nicols^ aod \riU lu^ye difi^iit 
angles of extinction (fig. 18, a). The polaruoo{w indeed' at once 
reveals the composite character of many crystals in which twin- 
ning would othmrwUe lisp undetected. Gases of cross-twinnihig, 
as in microidiiie, also occur. . The surface of junction of the parts 



of a twin is seen under the microscope to be often step-like or 
even irregular; and in cases of repeated twinning the jaiuelm 
are sometimes wedgoahaped, and do not run from end to end of 
the orystal-section. 

Aggregates. — Ordinary i^i^gation must be distinguished be- 
tween crossed nicols from twinning by the absence of regularity 
in the grouping of the constituent parts. A £Ed|p efitect/ of^ 
regularity is o&n set up where a mass is composed of fibres^ 
lying in all directions. Between crossed nicols, the fibres that 
happen to lie with their vibralion-tracer at 45* to the diagonals 
of the nicols show their brightest interference'ooloura, and catch 
the eye unduly. Piese fibres^dearly form two sets, perpeh- 
dicultf to one another ; and thus the illusion of a recttmgular 
meshworic arises. If the sU^e is rotated, however, the two series 
of bright Abras give'Vay continually to others, dius changing 
their mrections in the slide. • 

When, however, a globular aggregate, as so often happens^ is 
composed a number of minute prisms, whether arranged 
radially or tangentially, a black cross will re^t between crossed 
mools in ordinary polarised l^ht, from the ^t the com- 
ponents lying in the podUons of extinction all become dark at 
the same time (fig. 20, o and 5). ..i 

If the d^Botums of exdhjslion agree with the axes of form, the 
aa^a ciihe will ^pear npiight . and horizmital in the ^Id, 

If ahfili an a{mre|ate is eUinsm^L W bnilk radiilly, the 
blSdKinoSs wfli be nnsftiotea by rotation^f the sta^ (fig. 
hutif bniitby tuiigentiai additums, its arms approver rd^e 
during Mtatiott (fig. 20^ d and s). 

If m aggregate is built up of irregularly currihg tafri and 
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fibres several dark arius may appear, altering their forms, as 
well as their positions, during motion. 

lMtropism.^lf a section remains c<iua1!y dark between crossed 
iitcols through a complete rotation — 45 $iegrees is in reality suf- 
ticient— it is said to be I$otrupk. Sqch bodies are ; — 

K Amorphous and colloid, such as glass or 0 })al. 

2. Minerals of the cubic system, the velocity being the same for 
rays propagated in alldii*ections,andnodopbl6 refraction occurring. 

'A. .Sekions of minerals* of the tetragonal, trigonal, and itexa- 
gonal systems cut peq)cndicular to the optic axis. The section 
should be le&s than I mm. thick, since in thick soettons the rays 
coming up obUqucly and undergoing double refraction destroy 
the effect 

In nature veiy few bodies are alisolutely isotropic, owing to 
the stresses to which they arc subjected in the earth ; but the 
test is a very valuable one in picking out cubic minerals. In 
cases where the section is truly isotropic, But may yet belong to 
a uniaxial mineral, the use of convergent polariskl light (p. 151) 
will set the question at test no black cross being obtained if the 
suKstance Is really cubic. 

Distortion and Anomalies. Kven in estimating extinctions, bend' 
Ing of or pressure on the crystal may interfere with the results of 
this comparatively si mple operation. Sadi distortions frequently 
occur, and one end ol a crystal will be seen to give a totally 
different colour between crossed nicols from that given by the 
other. A crystal in which strains have been set up will some- 
times send a wave of extinction from one end to the other daring 
rotaUon. Hence in all refined observatioas the object must 
be very cautiously selected. 

The anomalous doable refraction of minerals of the oabio 
system is now well recognised, and is probably aooompanied, as 
in leucite, by a true external redaction of symmetry. To exclude 
garnet, or hadyne, or even the much discussed leacite, from the 
cubic system on account of their optical behaviour and anomalies 
oi form would be the ficat step towards the abolition of the 
system or to the admission that most cubic minerals are dimor- 
phous. It would seem that symmetry so complete and exacting 
IS unable to survive amid the varying temperatures and pesmures 
thid aHiil ayitals from the first moment of th^ir oonsoHdatioii. 

Oi#Barily, howevmr, the anisotropism of Uiese anomalous, 
eobfo crystals reveals itself in tints of a verv low order— in fradi,^ 
|b» gr^ and white at the (^pemng of the scsm. Only in leotioiui*^ 
iff some nut^etree in thteknen is ooloured pola^tkm ooi^ 
qdoaovs; 
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Similar strains disturb the optical characters of minerals when 
viewed with convergent light; so that the observations to which 
we now proceed must be made on a number of sections of the 
Same mineral in a slide before accurate conclusions can be drawn. 

Uniaxial and Biaxial Ciystate in Convergent Polarised Light— 
The chief use of the sub-stage condenser in dealing with rock- 
sections is the determination of the uniaxial or biaxial character 
of doubly refracting minerals. A mineral-section is selected 
with the low power which appears suitaHe from a consideration 
of the probable position of the optic axis or the optic axial plane. 
Having been moved into the centre of the field, a high power, 
preferably an eighth-inch, is brought to bear on it, and the 
condenser is adjusted so os to converge the rays within the 
crystal. The nicols are crossed and the eye-piece is removed, 
the eye probably requiring to be held at a little distant^ from 
the top of the tube. Ag already mentioned, a lens may be used 
above the objective that will bring the optic axial figure within 
the focus of the eye-piece, which is thus retained ; but it is note- 
worthy that observers of great eminence have preferred the 
smaller but brighter results given by the simple observation 
down the tube. 

Rotate the stage, and, if the section is at all favourably cut, a 
dark shadow will move across. Some minerals with a strong 
double refraction, such as epidotc, will show in addition coloui-e 
rings even in thin sections. The thicker the section, the more 
of these iris-tinted rings will appear within the field. 

The indications of the rings and shadows, subject to the 
cautions given under the last beading, may be stated as follows. 

a. Uniaxial MinexaU. — 1. An isotropic section should, if 

f 'ossible, be selected — i.e., one perpendicular to the optic axis, 
n the case of quartz, owing to rotatory polarisation, thick 
sections thus cut show a colour, which, however, does not 
become extinguished on rotation of the section. 

A section perpendicular to the optic axis will show a black 
cross, which is nnebangod on rotation. Sometimes coloured 
circles may be sben round it. The arms of the cross are parallel 
to the vibration-planes of the nicols (fig. 21, a). The microscope 
should be tested on a good section of calcite, devoid of flaws, 
since little errors in the construction of the condenser may 
canse the cross to divide at the centre during rotation as if the 
mineral were biaxial. 

2. If the section is oblique to the optic axis, the rays travers- 
ing it parallel to that axis may still be able to enter and emerge 
from tne objective. In this case the centre of thq black cross 
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yi)} j^jpetr, bill wiil ik^ be in Ibe eenire el the fiel4 end viH 
ibift ite poiitMm et tiie Mage is rdteted, tbns moving roimd in e 
oirele ^ 91, by : 

3. tiie eoetioii it mofe obUqae to the optic eua, tbe 
eentee it tbe Ueok orota will lie ootaiae tbe end oid/ one 



of ita annt will become visible et e time. *£huB on rotation a 
black bar wUlniove aao» tbe 6el<l, keening in a vertical poeitioa, 
followed 1^ one moving aeroea in a dtre^on at ri^t an^ to 
tke fonm, tkia keeping in a horiiontal poaition ; wnen inm baa 
dimppeared, the Jjlira arm appeara, moving like the diet ; and 
then tbe fourth, moving like the eeconcL The abiiBM of 
dedectiott in the dark him ia tbe pidnt to be a^Mtiallp noted 
(6g 31, d, and a). 

Strain will destroy ihia regalarify; aomeblKdal mineral^on 
tile otiiw band, Imve so ai^ an optie a»al angle tbit tbe 
'" figure pvao by them scareely devktea foom tie Uack tuiaaial 
eroea Ihtongbont a oomplete rotation. 

0. Bituml Mwmnk,^V If eat ao ^at the rays parallel to an 
optic axia naeb tim eye^ the teotion titin^a a dan bar wbieb 
Bwingi imd on tim imtition ef tim stM inovittg in an eppotite 
direotfon.^ Aliheiamo time it bancmieahjpabQiia^ atrai^tadng 
iMf oiltM fbar poeitiMm dm^ffotatiao. Ookmred rings may 
poarib^Jitttnand tim ^ptfo adi% M idmva 
fl|Mi tim her beeoM sin^ tinoo |i tim epic 

adtf fitiilll pcmM 
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2. If the section is more oblique to the optic if it 

approaches more nearlj to a directicm perpendicnhur to one of 
the bisectrloes^tiie dark bar may escape &om the field during 
rotation. 

3. If the section is }>etpendicular or approximately perpendi- 
cular to one of the bisectrioeS) preferably the acute bisectrix^ a 
bUkck' cross will appear when optic axial plane is pamllel to 

, the vibration-plane of either niooL Botation at once causes a 
sepantion of the cross into two hyperbolte, though in a few 
minerals this separation is very slight (fig. 21, i and j). 

In tile examination of thin sections, Wth the optic axes of the 
figure in’ the case we are considering generally lie outside the 
limits of the field, and hence, when the optic axial plane is at 
45** to the diagonals ofthe niools, both the hyperbolse are carried 
. <mt of sight. Their convex sides always tiie bisectiix which 
emerges in the field, and the thinner arm of the black cross that 
can be fonoM by them^ Ues along the trace of the optic axial 
plane. 

This occurrence of t^o dark carves sweeping across the field 
^and uniting at every 90* of rotation to form a cross is one of the 
best features by which biaxial crystals can be determined. In 
ilefault of so good a figure, the curvature of the single bars tlmt 
come into view must be noted, in opposition to the permanent 
straightness of those of uniaxial crystals. ^The typical figure 
given by biaxial minerals may be well studied in muscovite, and, 
commencing with a thick piece, the specimen should be thinned 
down until the hyperbolm are ahoompanied by the merest trace 
of coloured rings. . 

In certain special cases, finally, where it is known tiiat the 
section is perpendioular to the acute bisectrix, tiie opticti sign of- 
the crystal can be simply determined. The trace of the optic axial 
plane is set at 45** to the diagonals of the nicols; since it is one 
ofthe vibiation-tracea of the crystal-section, determine with the 
quarts wedge in plime 4 >olarised light whether it corresponds to 
the ray greatest or least velocity (seSp. 147). If g^^ite^ that 
is to say, if compensation ooeurs when the w^ge is thrfist along 
this directioft^then tke vibi^tipn-traoe perpelidicular tothe optic 
taatf. plane ia that olihe slow my in the se<^ion. Bince this latter 
^ire#Q]i ia ^ways tiie vibrali^-diiectio&^f^^^ of moan 

vdkgdfy'in tim crystal aa a w^t^heaeute biaoctirix, tim noroml 

the seetkii^ umot be the vibnUion-dire^oii for rays of least 
vdk^y ii^ tiie ^ cry atid) whitii is^ tiierelbR^ fbaiiive. If the 
expenmeht fives a reverse seaad^^themyatal » negative. ^ 
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CHAPTER XVIL 

THE CaARACTERSOP THE OBISP ROCK POHyiNQ MINERALS IH TUt 
RUCK-MASS AKO UNDER TUS MICROSCOPE. 

Under this heading are giren the characters presented by 
common minerals as they occur in rocks, the order followed 
being alphabetical. llie minerals of first importance are 
printed in thick type. Each description is divided into two 
parts:— 

I. The most striking characters of the mineral as it appears 
embedded in the rock specimen, with one or two additional 
notes. 

U. The characters it exhibits in microscopic si ctions. Many 
of thrae characters can of course be observed in isolated grains 
(p. 132). The abbreviations used are as follows : — 

OoMp.-Uh«fflical composition. 

CrystallogrApfaic system. 

iVrai.— Ordixkary form, or ootliiies in seotioos. 

Cfear.— Clwago. 

Bud, — KnclosorM. 

Zooe-stencttire. 

Rejr. /wfcar,— In some tlic average indux ol rtfradion (df‘termiiied 

with yellow light) is alone given. The tignren are mostly ttiuiw given by 
Levy and Laooix, ToWeoMx de* MifUravx dm /focAci. 

Cokmr.^CokMur as seen in ordinary light. Variations according to the 
face viewed (face-ooloan). Appeanmee of atteration-prodneta. 

ri^^Pleochroism as observed by means of the single nioul (axis* 
ookmny, 

D, Double refraotiiML This is ** strong* wh<m tlie difirrence 

between the greatest and least index of refraction in the crystal is Urge 
(say *010}, and '^weak* when this diflbrenoe is small (say dOft). In the 
former qms we have ** hi|^ ” oolouMb in the Utter ** low,* 

JBclto.»Foflitiioiia of extinction. 

0fiL Riga.— OpMsa) tign ; faudadlof chsraelw of the aoate bbeotrix, 
and its poaitioo. 

Mas.— CharaeleritUo twinning. 
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ActInoUte.'-A noo' aluminous amphibole. Special points: — 

I. Long prisms, distinctly green; often in radial bunches. 

II. Colour — Pale green to colourless, Pleo. — Faint tints of 
green. 

See Horoblende and Tremolite. 

,^!oirinb. — S ee Soda- Pyroxenes. 

Alblte. —See Plagioclases. 

Akblysteoite. — S ee Khombic Pyroxenea 

Ahethtst. — L ike quartz. Special points : — 

I. Violet colour; occurs in cavities of rocks, 

n. Pleochroic when the section is thick enough for the colour 
to appear. 

Amphiboles. — See Actinolite, Anthophyllite, Hornblende, 
Suda-Amphiboles, Tremolite. 

Analcite. — C' onijw.— Some varieties = NaAl(Si 03 )^ + ^^ 2 ^* 
Probably cubic. 

I. In cavities of rocks; colourless glassy-looking or opaque 
white icositetrabedra, commonly in groups. 

II. Me/r. Index. — Near leucite (1*487). D, Re/r. — Sometimes 
anomalous, in grey and greyish-white tints; sometimes forms 
an isotropic ground-mass between other minerals. 

Fuses easily, and gelatinises in HGl. Compare leucite, which it 
resembles externally. If the substance is transparent in the mass, it is 
very probably a^cime rather than leucite. Amlcime may occur as a 
deoompoeition-prodttot of nepheline. 

Abatabb,— C omp.— Ti Oj. Tetragonal 

I. Occurs as brilliant blue-black to black modified bipyrumids, 
wiiich, though commonly about 3 mm. long, catch the eye by 
their lustre on the surfaces of rocks. Is found sometimes on dis- 
solving limestones or extracting the heavy minereds from sands. 

IL Index-Very high (2*62). 

Andalusite. — Comp, — Alj Si Oj. SyH, — Rhombic 
Sometimes seen as well-mai:ked grey or pink prisms in 
schistose rooks, nearly square in section, or merely rod-like and 
poorly bounded (speciBcgiavity e 3*18). 

U. Form — Small granular, as in Oomish granites, to rod-like, 
as in schists. Refr. Index — 1*638; Cofowr — Colourless, or face- 
colours faintly pink or green. Pleo, — Remarkable, from palest 
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from to a brownub or rakiih red. Obioiired in Ibe £aip«rfeel 
ipedmm in idiiito, A 

iir««i.*-See Ountolite. 

ABO rt M to ^—flee !Ri^|iocli«ei. 

AjiOBxaocu8&'— 8ae Mi«roeliiK«. 

AraioBETUiiT&---Cbn — (Mg, fe) S d. witii ^ 0* il timei 
(Okmuti). ^ i 

1. Not known m a oomimHii ooiiitilaoiiV ^bitt ma/ eainme 
tinporUnoe whoA eloeely looked for. Oboore a« gnmpt of long 
prinu in aome metaii»M|^o rocki, and among tlm ionei m 
secondary minerab in oomo altered i^broa. 

IL iVm and 0lf(M.-*PiaetMall7 tbe tama m hombtoiide, bui 
with rhomH^ ijnnmetiy/ (Tobar-XIoloiurleii in exampleo at 
promt known. .Sneiadi— Khombto, ia, iiratgb^ entimona 
Sodakmblendei and Inmwn ferriferous faomblendM ba?e, l^w* 
ever, onlj a small angle of estmetum. 

Apattt0.-^o»ip.^ ^-HonugcmaL 

L Somelines visible as velfowm-wbiteatteaks in m^mo^diio 
rocks, scratehable with flte knife; bat, despite its aboi^oe^ 
eommonl/ too small fer detectioii with the eye. 

n. ^orat-^Long {nua« giring hexi^ns Mid adenlar forms. 
Oeonis as minute crystala induded in tlm oriier minerals of the 
rodk; rarely in larger prisms. Cfeso.— Not seen. MwL^ 
AbsMt Bifr* /wdn^Ergber than J^pars (1*637). Cofeur— 
Oolonrlm ; no deoompomtlon-prodaefe. 2>» Mefr, — *004 ; some- 
what weaker than frispaia. K^pstlve. 37.) 

iferi.— Kephdise erjnlal&aM in sborter ]«imh imunoDty eeatalm 
eaelosarcB, ioA riedlly deeamposes, •bowiag yeUaif -browo acoikiiia 
rrimaiy owurts doss net omor iit prims in %Beofi mbs ; ^ssm is 

poritiver - 

AiBgonlta-~C<m.-«CkOO|. 3|i«t--Rkombfe. 

L Cbilinim Jm m d^tomls ol warm watm» (pisolitie g^ns, 
ke.) and as a eoo^tnont of ^ of manv geaera. Forms 
also radial groii|is in the eaririet df alterea rocka Spedio 
gravity 3; catette * 3*73, Sl^tty harder than ealmte^ 

this ih asrfasBti^ loehi. than 

0*633);. i).Ni|^.--:ffi|^eoloan 

bolldtrMtilltia^oiHi arid^jiaao Mm 

tkm te Mm festili ngp ediiMdes wiMi vmMoal axfe) fe% Mm 
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ftcute buectriX) and the mineral is thus negative. In calcite 
also the vertical axis is the vibration-direction for the ^test ray. 

ARrvK])eo)riT&— See Soda-Ampbiboles. 

^ — Cony?.— fn(Ca,Mg,Fe)Si 03 + n(Oa,Mg,Fe)(Alj5,Fej)SiOg 

(for constitation, see Groth, Tab, Uebersicht, 1698, p. 146). 

, nicber Uxan hornblende in Ca. Sy$t. — Mbnoclinic. 

I Black and often short prisms, or granular groups between 
feU{Murs. Sometimes dark or pale green. ClearagC'Surfaces 
often visible. Slightly scratched with kn3e. Forms sometimes 
ophitio masses, and appears as if uniformly infilling the spaces 
between the felspars, or around granular olivines. 

IL ibrm^P^smatio^ with eight-sided cross-sections, both 
pkuooids beii^ developed as well as the prism. Angle of the 
latter 87 ^ (figs. 38 and 40 ). Vertical sections show the trace 
of onp or both the chara^ristic half-pyramid planes. Often 
granular or ophitio. ClMm. — Prismatic, showing thus in cross- 
seotious a series of cracks intersecting nearly at right angles. 
End, — Glass and crystalline enclosures fairly common. The schil- 
lerised forms jmsa over into diali^e and *^pseudo-hypersthene.” 
gan.— Common in large examplea Refr, /ndca?— 1 '72. Colcur 
— ^Typically yellow-brown to purplish-brown. Occasionally 
pale green. The more strongly green varieties are described 
under soda-pyroxcne. Pleo . — ery slight, except in the soila- 
pyroxenes. E. Ee/r,-^E&\r\y strong (*03) in clinopinacoidal 
sections; second and third order colours common. Optic 
axial plane is the cUnopinacoid. Extinct , — On clinopinacoid 
40 * to 50 ’ away from principal axis. Hence typically a large 
angle as opposed to hornblende. This is reduced in soda- 
pyroxenes. Opt, si^rn— Piwitive. Tiie^ibration-direction for 
the fisstest ny points towards the obtuse angle that is usually 
seen in vertical sections — that formed by the traces of a 
pyramid plane and the orthopinacoid. Twint — Fairly <^mmon, 
a number of repetitions arising towards the centre of the crystal, 
and an untwinned portion occurring on either side. Composi- 
tion-plane the orthopinacoid. 

Hornblende very commonly arises m a partial or complete 
replaSraent of, anrite, Itoing developed from it by inrainorphic change,* 
the resulting peetmomorph being ukAuth. The outline of me augite is, 
however, commonly not preaerv^, actinolitio needles spreading tmough 
mast and proiectii^; from it, or larger hornbfendic forms appearing 
round about it and in most mtimate eonnexion (fig. 27). 

For adied pyroxenes, see oOcoolite, diallage, diopsid^ and 
soda-pyro^fbnas. Also rhombic pyroxenes. 

Batfit8.-A name at one time applied to the serpentinous and 
•ri^leriied pieudomorphs after rhomUc pyroxene that x^ten 
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occur in serpentine-rock nnd sometiiDM side by side with but 
sliffbtly Altered augite. 

I Generally reaemblea diailage. 

IL Generally resembles dialisge. CUowr — Pale brown qr 
green, in the latter case often with separated granules of 
magnetite* Pfso*— Fair in the green examples. B* i 20 /r.-— 
Usually shows effects due to the presence residual unaltered 
pyroxene, Khombic; parallel thus to the cleavage 

and schiller-planes in most seotiona 

Blotite.-fomp.HH, K)^ (Mg, Fe'),(Ai, Fe‘‘;).,(8iO*), after 
GrocA). A typical and common ferro-magnesian mica. For 
general characters tee micas. Sfieoial points >- 

L Oominoinly dark green or bronxe-olack. A very abandant 
constituent of igneous rocks, particularly in the syenite and 
diorite groups. 

n. CoUmr — Brown or green ; bat sometimes colourless. The 
striking pleochroism gives dark basal sections ({.a, those showing 
no cleavage)^ and far lighter vertical sections. The latter are 
very often rtrsw-yellow, the former reddish-brown. Decomposes 
to green cbloritic products. Intense in vertical sections, 

ofW yellow-brown to grey-brown ; darkest tint when shorter 
diagonal of nieol is parallel to batal cleavage. Not perceptible 
in basal sections, the typical mineral being practically uniaxial. 
/). Strong (-04 to 06 or even mur^. Coloors seen only 

in ^ery thin sections. Basal sections practically isotropic 
Convergent light gives a nearly nniaxial figure. (I^gs. 24 and 
27.) Even when the section is in a position of exaction, light 
spots usually appear in it, owing to local bending of the mineral 
during grinding (U. 8. Jevons, CrW. 1893, p. 72). 

AltXe.— Distinguished in rocks front hornblende by lustre, platy character, 
and hardneai ; in section bv single cleavage, ragged fibrona edges, the light 
spots above mentioned, and the fact that the basal aeetkiiia are tiie daritest 
and show no cleavage. Compare notee on phlogomta, Biotite, like bora- 
blende, is often altered, by tm action of a hot enclosing magma, into mere 
black skeletal forms. 


BroDZlte^— Bee Rhombic Pyroxenes. 

Calcite. — Comp.— OaCOjf SjfiU — Trigonal 
I Recognised by its cleavage-surfaces and hardness ( « 3). 
n. /brm— Oval or irregular granules, fitting against one 
another, m veins or cavities, or forming the mass of a crystalline 
limestone. Cfeae.—Rhombohedral, often bcqt by pressure, giving 
ttt^r even three series of obliquely interse^ng lines, whidi are 
■■tiear, utd along which reflections often give rise to inter- 
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ference colours in ordinary light. Refr, /ncica?— 1*486 for rays 
vibrating parallel to optic axis, and 1-658 for those vibrating 
perpendicular to it. Hence the rapid rotation of the polariser 
produces a sort of twinkling effect, owing to the difference of 

relief ” (p, 141) shown by rays vibrating in different directions ; 
and calcite can often tlxue be picked out in the preliminary 
examination of a slide. Cdour — Colourless. D. Very 

strong, sp that colours of the fourth and higher orders are alone 
visible in oi^nary slides, the tints being often' practically white. 
Opi. Bign — Negative. Ttoivs — ^Very common, repeated, parallel 
to the negative rhombohedron, x (0lT2), the traces of their 
composition-planes running in many sections parallel to the 
cleavages- (PI. II., fig. 1.) 

NoU . — See Dolomite and Aragonite, and fig. 23. For useful micrO' 
chemical reactions, see p. 36. 

Cassitebite. — Comp . — Sn Og. Syat — Tetragonal. 

I. In some granites, in orange-brown to black-brown lustrous 
grains. Can be easily isolated by washing the powdered rock ; 
test with the blowpipe. 

II. Form — Prisms, squares, and granules. Cleav. — Distinct. 
Zon. — Sometimes zones of deeper colour. Eefr, Index — Higher 
even than garnet (2-029). Colour — ^Yellow to red brown, varying 
in patches in the same grain. Pleo , — Conspicuous in the browner 
parts. D. Refr . — Exceptionally strong (*097), but not so strong 
as in rutile. Pink and green colours of high orders. Opt. sign 
— Positive. Twine — Common, geniculated. 

Chalcedony.— Comp.— Si Og. 

I. Blue-grey to browner and more flinty aggregates in the 
hollows of lavas, in limestones, and associated with flint and 
chert, which are in fact more massive varieties. Forms alternate 
layers with quartz or opal in agates. Not scratched by the 
knife. 

II. Form — Radial aggregates or minute granules. Refr. Index 
— Very slightly lower than quartz (1*637). Cdouf — Colourless 
to brownish. D. Reft. — Like quartz ; colours brilliant, of 
about first order. The aggregates consist of delicate fibres, 
in which the fastest ray vibrates parallel to the long axis. These 
are not, therefore, prisms of ordinary quartz. 

Ohiastolite. — A white variety of andalusite with enclosures 
of dark amorphous matter regularly arranged. In sections parallel 
to the vertical axis, bands of this dusky matter may be seen 
running down the length of the prism ; in tHnsverae sections, a 
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dii^Qft] eraca spears, ooraiaonly with a dark square at tiie 
emtre and at ea^ angle of the eectioD. Or the aooamkiatioii 
of fotete matter at the angles amy leave an intentitial white 
croii of the purer mineral towards the centra The mineral 
oommonly arises im eiaty ro^ as q prodaci of oontaet^meta^ 
mmphiam. ‘ 

Cokrita.-^llie A groop of minmab composed of 
mlloates cd m^lPhiai mrions and ferric oxides, and alnniina, in 
varions proj^rrions, with much water. Sjfk, — Profiiibiy aU 
aoDoriime, though many a|^roaeh the hexagonal intern, 
KmUar eryBtallog^>hio ohanmUre oconr in the mica ipronjp. 

L While reaemblingdath green mteta, the riileritea are a<mr, 
being ven easily scndched widi the thnmb-nail Thrir lamellm 
are less eiasUo than those of mica, and show more markedly the 
efleete of ii^a^ and pressnra 

XL Fom-«>Hexagonal plates and fibrona-locdcing, bn-Uke, or 
aphemlitie aggngatea Oftmi developa from green amorphons 
manes In the cavities rooksi or as a psendomor|duo prodoot of 
ieiT 04 Dagnerian minerala C2eim. — Bml, ditUnei Often dis- 
tested hj prOBsnre. /ndan— About 1*0. Ohkmr— Yellow- 

green to bine-green, f’ba— Koticeable in sections showing 
cleavage; y^wish when the shorter diagonal of the mool is per 
pendicnlar toihe basal cleavage, md green when it is parallel to it 

/>. Varies with spedes (*001 to *014); colonrs mostly 
first order ; a deep blue is characteristic pennine, the mineral 
being in basal sections, aliqpst isotropic for^red raya 
In many examples painllel to tiie cmvsge. 


Aioie.— CksDpare green Hoiite and •erpentina 
CnumiToiD (see Ottreliie). 

CHBOMiTX.---C<mip.— {Fe,Cr)(Ke%<y'^), 04 (often with MgO 
and Ah i^fst^-Onbic; 

L^wnk^ins and cryitala, resembling magnetite, eommonty 
in olivine-f^U. . . . - 

IL / er a s Grannies, or sqnares ^ hexsgons, derived item 
oetahedra. ( 7 ohwr--‘B!aek mtid cpa^pie nnless e^pMiaUy thin, 
whsniCbeeomesafidiitiaret 4 >rown. D. J 2 |/f*.^Kone. Isotropy 
Ifiii Opppm ■■rmfitt Sasilssi^iaaDoids. 

Oofiosipi^A granniar fbrriferona i&mridOi Oocars in apme 
eijggl^ll^BMitones. CokHir varioas Aadea of green, almoit 
nf^ndliiiirie^ 00 ^ SeeAngito. 

iinSwttnt— H, (Mg, Fe )4 Alj Si^ Ogj (/Vwrwpton). 

ajiit' mbmMe 

I * delicato Mb^ iacUniiig to grej;, tonM 

I w smne grattiuA^ mid |pebsic rocimi and 
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may occur as prisms, though rarely, in lavas* Not scratched bj 
the knife, but easily decfomposed and becoming thus much softer. 

II. Form — Mostly irreguhff grains. End. — Pibrous enclosures 
of sillimanite common. Refr. Index — 1*5^6 ; hence shows no 
pitted appearance. CoWr^Colourless tofaintblue. Deoompori- 
tion products greyish or yellowish-gtbeiij- j^.-^Though marked 
in thick specimens, feeble in ordinary . Bluish when 

the shorter diagonal of the nicol is parallel lb haie»; pale yellow 
when it is parallel to vertical axis. D. Refr . — Colours commonly 
first' order only. Extinct. — Bhombic. 

JlTote.— See Finite. Oistinguished from quartz by biaxial character. 

Biallftge. — A common form of monoolinic pyroxene. 

I. Conspicuous by its sub-metallio lustre when the. rock is 
turned about in the hand. The lustrous separation-planes give 
it a foliated ” character, amounting, indeed, to a new cleavage 
parallel to the orthopinacoid. It cannot well be distinguish^ 
from broDzite, hyperathene, and bastite in the rock-masS/ 

II. Like the pale brown augltes, but has, in all sections but 
those approaching the orthopinacoid, a series of strong strim, 
which are the traces of planes of schillerisation. End, — Numerous 
brownish secondary enclosures on the separation-planes (fig. 30). 

NoU. — Dialla^e should now be closely linked with augite, crystals of Ihe 
latter being at times diallagio on the edges. It passes very commonly into 
hornblende. 

Biopsidk. C(3m|).-s“SrgCa(SiOj)2^ A pale green scarcely 
ferriferous monoelinic pyroxene, often colourless in sections. 
See Augifce ; also Olivine. 

Bipyrg (see Scapolites). 

Solomito. Ccmp. — Ca Mg (C 0^)^, Spst — Trigonal ; almost 
isomorphous with calcite. 

I. Occurs in cavities of rocks rich in calcic and magnesic 
silicates and may easily be mistaken for calcitb. Curved faces 
of the rhombohedron frequent Forms, in minute or coarser 
granules, whole masses of “limestone,” which may be dis- 
tinguished from ordinary limestones by higher Specific gravity 
(2*85 about) and action with acids fsee pp. 36 and 70). 

IL Like calcite, but twinning is by no means common in fock- 
building forms. W ell outlined sections of rhombohedral crystals 
are oharocteristio in dolomite, but are rare in calcite (PI. IT., fig, 2). 

El^olitb (see Nepheline). 

Enstatite (see Rhombic Pyroxenes). 

Epldote, variety Piatacite. Comp.— H Oa^ (AI, Fe)j Sij Oj^ 

»(V(A1, Fe )3 (Al 0 H) (Si O^)^. Syst. — MbnoclinioL 

L Y^en in fair-sized crysUls or grains, shows the ohar- 

11 
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■cteriitio jeltow*gTWft colow. Oocwt ^ 

product in fibrou* groups 

n. («oe fig. 2 $). ibm— P»b»Ml 0 » 

\ . ^ _j* I M»la «# tka rt^nAala 
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or o fidat jolknr-gi^ in vMoii j^v lotyiiy pwdoniniotoi 
Pfooi— fiiliii D* J2^.-»-4^fODgor thou oonmoA pTiozoMi ond 
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la olinopiiioomdo] (itj^boid) wtiow^faoknti io piootiflony 
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GtnMi.-— The name <4 a group of minerals, Hie ocmspoaiUoii of 
^ich may be staled^ (Ca, Fe'', Mn), (Al, Fe% Cr”), 
(mOX ^^o-Cnbie. * 

1 (^jamenlj-red (ikimasdioe and ?jnfp9); or jmle bnm 

■ Not wntcbed witi the kaify. Forme d^ia^ 
»mbi 0 dodecahedron^ ofteu roanded. !I%e Other 
rod: jire often bent round the hard reaistiitg 
rodnce an eye^structure and standout like knots. 
Lty of conimon garnets is a guide in cases o&donbk 
i some lavas sharply oatlined, but^ almost always 
leroidal grains, small or. large. These^ in some 
* form a sone around decomposing midexals. 
ways seen; parallel to rhomUc dodecahedron, 
A'nck’— Oomm^^ of all kinds, sometimes regularly arranged. 
^<m.^-~OGGaaionmly seen, as in the coloured sones of melanite 
(Ume-iron-titanim garnet), Bfifr, /ndatv>£xoeptionaUy high, 
abont 1*770. The ouHines become thus very strongly marked 
where they come against most of the other minerals in a slide. 
Co2oi«r->Ooloarle8S to pink or brown (melanite}. Commonly a pale 
but unmistakable pink. 2). Refi. — Isotropic, but with &irly fre- 
quent anoinaloas double-refraction, showing grey tints. (Fig. 43.) 
Gbobitx (see Anthophyllite). 

GuucoiriTK (see p. 191). Cowp;— SiO^jKgOjFegOgjHgQ, 
with Al^O^, &e* 

Glauoopharb (see SodsrAmphibcdes}. 

Graphite. Con^.^. 

I« Occasionally forms considerable beds and masses. Best 
recognised by characters stated on p. 71. 

IL Opaque ; steel-grey by reflected light, resembling granular 
magnetite. 


Gypsnm. Con^^Ca S 0* + 2 H, 0. Monpclinia 

I. Found in washings of mays ; also as crystalline masses (gyp- 
sums of the Alpa;; alal^tera). Scratchable with the thumb-nail. 

IL Form — Commonly seen as little rhomboldal cleavage- 
flakes. The angle between the pyramidal and orthopmaondal 
cleavages, which bound these forms, is 113” 5V, ano is often 
usefol for measurement. Chew. — Olinopim^idab j^rfect ; the 
two cleava^ ^ve mentioned are also d^eloped. Befr/lndest 
--*!*534. ^Amr—Oolourless. A Wes^ ; beautifttl clear 
colours. Optic axial plane is the clinopinaeofd. Fairly 

oomimon, on orthopinacoid, producing the ** arrow-head twin." 

- C(mp.^F<^p2. V?yH.----H6xagonal (T^ 

In iecliohs Hiows clear orah^ted platM^ (slgrmiulv 
associated with ms^etlte nrileoen^^iig^ ferHfe^^ 

By reflected l^V<maraoteris^ ted cdooTf $ee J^mcsiite. 
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HaSvn*, Nt,Ca(N»S 04 AI)Alo( 8 iO^^^ SeeKomm 

SytL — Cubic. 

1 Sometimei recogniuble m blue or dMrk'grejr eryttaU or 
granules on broken surfaces of lavas. Vitreous Tostie when blue 
and fairljr fre^h. 

It /orm— Hexagonal or 8anare,retaltiDg!DaifilT&«ittiaetioni 
of rhombic dodocabedra. ORen minute. Abundant 

enclosures grouped in straight lines, often rod-like and at Hght 
i^Ies to one another. Under a j-inch objective these appear 
like a black cross-hatobing, which is particular] j nmrited towards 
the centre of the crystal <i^~Often a daricer or lighter tone 
at edge. Where the crystal is oorroded, the dark lOM often 
follows the outline and is thus seen to be a phenomenon of alter- 
ation. /ndsv— About 1*5, or lower than Uie baisam, but 

not so low as fluor spar. Colbur-^Colourless, with grey-bloe 
dusky centre ; or blue throughout : or clear bine towards margin 
and colourless within, />. Isotropic; but oooaikHial 

anomalies, as in leucite, the colours being very low greya 


KoaeaiL tAris-LiSDU appmit to be so slUed rpvftim 

HomUende. Ca, Fe)8iO, + ii{llg. (k, Fe) 

(AL Fe,) & 0* (for consatotion, see Qroth, Ue&srwdU; 
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haft be«u acUni on by a liot matrix, Hoparatioa of inagneiibi having 
taken place. Refr* Iwlex — About 1’65; thus shows pitted sur- 
faces. Cofottf— Pale yellowish to strong brown (varieties with 
much ferric oxide) ; or pale green to dark bluish-green. Smarag- 
I>ITB is (rftcn almost or completely colourless in section ; in thicker 
sections, a clear grass-green. The face-pleocbroism of hornblende 
caus^ sections pirallel to the vertical axis to be of a distinctly 
darker colour than the cross-s^tione. Pleo , — Very marked in the 
coloured varieties, the axis-colours giving yellow-brown to deep 
brown or almost black, and pale yellow-green to strong dark green. 
In vertical sections the deepest coloration occurs when the 
shorter diagonal of the nicol is nearly parallel to the vertical 
axia Oompare tourmaline and blotite. D. —Fairly strong \ 
colours like augite. Optic axial plane is the clinopinacoid. 
KxfineL — On clinopinacoid sometimes almost ** straight;” angle 
with principal axis commonly about 10^ or 12’, rising to 22*. 
Hence In random prismatic sections typicslly a small angle, as 
opposed to that of augite. The longer direction in prismatic 
ie<kion8 is practically parallel to the slowest-ray vibration-trace. 
Twitu — Fairly common, mostly simple; composition-face parallel 
to the orthopinacoid. The pleochroism makes their detection 
easy by means of the smgle nicol only, the two halves appearing 
differently tinted. 

ScU. —The deavagea in eroea-sections form a safe meant of diaimguialung 
the amphibolee from the pvTOxenee ; the pleochroism is alto commonly an 
excellent gnido, hni it moat m remembered that pale hornblendes cannot be 
strongly {Heoohroio, while eoda- pyroxenes are so m a fair degree. Note also 
the eoBiinon form of the erosa-seotions. The deetmetire action of Uie magma, 
referred to-almve under ** Zoning,” oftw leaves only black and opaone 
•keietoni of the hornblende cmQi (compare Biotite). For allied amphi- 
bolea see aotinoUte, soda-arophioole, and tremolite. Alao anthophylliie. 

Hypenthene Rhombic Pyroxenes). 

Umaoite (see Titanic Iron Ore). 

Iron. — Native iron is of very rare oocurrence except in meteo- 
rites It may be mioro-ohemicslly treated by placing a drop of 
acid solution of onprio sulphate on a grain or section ; if native 
iron is present, copjier will be at once deposited. It also decom- 
|)oaes the solution of ammonium molybdate used for detectioa 
of phosphates, a fine blue precipitate being formed, which does 
not oocnr when iron oxides are examined. Metallic iron is 
whiter and more lustrous than magnetite when viewed with re- 
jected Vight under the microscope. Opaque in transmitted light 
(Iwap.— 

deoompoiiiifl HARGAfliTG » rhombic). 

L eahk fimn ii eommonly recognisable wi^ the eye or 
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lens; bardDen ( •> 6 ' 6 ) dutingoishM it from pyrrhoftiiMi (4) 
aad copper p/ritea (3*5). The cotoor U atao ami mora 
brassy. 

H /bm—Most1y aqaai^ Co/ovr— Opaqae bj ttansmiUmi 
light; shows a br^y^w colour, almost sil very-yellow, by 
r^ected light £i^y thus diatingaished from magnetite* 
Sometimes decomposed to opaqae browm or biown^-whUe 
pseadomoipbi. (PI. U., fig. .3.) * * 

KaoHiL Coii^.--H 4 iJlt 8 ifO| iSyi4*»Hoiio(dinmor tridi&io. 

I IDie soft white decomposition-prodaot of 4e]sp«% often 
foand as a powder betwemi ine erystds of grautmd fodts or in 
the matrix of elvans, he. 


Perm— Oocasioiialiy shows weU<defined hexagonal platen 
Cdottr-^Oolonrlees. The powdery prodn^ ooeorring in smons 
of felapars ^pear opaque white refieoted light Z>. — 

Being extremely thm, the little plates msy give low edonrs, 
though the doable refraction is tn redity strong. MxUneL — 
Bsaal pistes sre not isotropic ; they bare ima said to extinguish 
parsllm to lines which are not perpendionlar to miy of the 
bonndbg edgee. 

Etahitk. Chiiip."-ALSt Oj. IViclime, 

L Known by its beantifal blae colour tnd easy maort^nnacoidal 
clears^ the mineral becoming truly lath-ebaped on fnmture. 
Sometimes in little blue granalee, the colour beiiig more deltq|te 
than that of hauyiitt. Found in some rocks of metamorphic orl^ 

H Fcrm — Often granular. C2eae. — OUtinct Irndm^ 

High ; sli^tiy above olivine. (?cdbur--Oolour!e«i^ but blue in 
thiih sections. D, >?^.-^Betweeii fel^pan and Mgite* 

Imbfadoiita (see Plagioclases). 

i^dta. Comp. — ( K, Na) Al (Si 0,)jf. %at->Probal)ly cubic 

I Small or large opaque white spheroidal cfystals ^oositetra- 
bedra more or less rounded by external action). The **^1 ones 
^>pear dull white throughout, but the luger snow on fticture s 
translucent interior with almost a gummy lustra. Hsmiuem 
very Bttie below that of ietapara At pr ese n t knotm almoat 
exclusively in lavas. 

II Fom-^OetagonaloralmostdrcuIarseetioim; aaveialofta^ 


ntfmuy, 
mystaL 


^iag iometiinea a considerable part ofthe bulk of the 
Tlie smaller leuq^ in ^e gnmadmaai <d lavas aasm 
B^thbhiSt* 4 Fon.^Aaahoveitated,w 
/iidw^l*60^aa4 thiulid^ 

whme 

Jh jb|ff .^The mnallar ciy^ aih eoauM^y 
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uotfbpio; but the larger show a complex system of lamelis^ 
cfoaaiDg ^oe atto^er and light or dark grey in colour. In very 
thick seotiona (say 2 or 3 mm.) these lamelUe appear brilliantly 
coloured, like thick glass under stress. (Figs. 37, 40.) 

iKssa-^lnfiiaib^ aim straug potaitintiT flauie'reaotiOD (p^ 96), sad does 
not gristhiias in H UL Compare Afialoinio. 

Lbvcoxbvi (see Iron Ore). ^ 

Umonitlk Comp.^F^^ Oj, (0 H)^. A common earthy brown 
product ei the alteration o£ ferriferous minenik Orange-brown 
stains around seotions of such mihersls in altered rocl» may be 
attributed to limoaite. Seen oommonly as a cementing material 
in sandstones. Tellowish-brown by reflected light . 

Magnetite. Comp.— Fe. 0^, SyrL - CubicL 
I Iron-bUokgiainsoroclahedrayWithlttstrousfrscture^urfaces. 
Not loratdied by knifls. Well developed in some chlorite-schists. 

n. /bm-^Smons of ootahedra (squares and ketxagons), or 
mere grains and patches. In the glassy groundmass of rocks 
ibrms skeleton-orystaU of cross-like pattmna^ or rods and strings 
of united ciystauites. Occurs also as a product of the deoom- 
positiott of minerals, when iron is left behind after the removal 
of other bases. Thus the cracks of olivine are often marked out 
by magnetite (fig. 31), and the hornblendes of some lavas become 
dissolved away, leaving a skeletal pwudomoiph of magnetite 
giuules. Co^pur— Opaque even in wiimest se^lpiu ; ^eel grey 
%^reflecied light 

Nem.— Compare Chrmnite, Iron pytitee, sod litsoie irod ora 


Mblilitb ^ p. 262). 

Mic a s . — The members of this important group thiU are most 
ftequently met with have so many chuucters in common tlmt 
these are treated tqge^er hera Two broad d^icaL 

groups tnay be form^i^e micas poor in iron and magnesium 
and the magnesium-iron micas j writing the bases in descending 
order of importance, the micas of the Utter group are silicates 
of mag^ia, alomina, iron oxides, and alkalies, All are 

monoriinia 


> I. The micas appear as lustrous little plat^ rilvery, bronse- 
eoloored, green, or black, with a most exceptioi^y hat ^ i 
elcavage. The knife scratdhes them eerily, producing a very 
diarscteristio sound, audible even when minut^akesare 
onerated on. thumb-nail scratches them witii difficulty, if at 
sJl (cimipare chlorite). Viewed from liU the cleavage gives 
them a UmelUr appearance and rite charooteristic lustre u lost, 
n, Jbiy»»--‘.»H ei a g o na i Uuril sectimta^ often mere pUfy areaa 
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with ragged edges. The UmelUr character okb ooumotiljr ^ 
seen by examming the maigin of such sections with a 4- or 4-inch 
power. Vertical sections are rectangular; but commonly the 
traces of the prism planes are lost, the edges of the deaTs^planes 
giving a ragged fibrous boundaryj uid the traces of the b a sal 
planes being on the contrary very sbi^). (Hfcen bent and de- 
formed among the other more resisting minerals. • 

Bhsal, exceedingly well marked, -Dark patdies often 

sp|)ear ; some may be true enclosures, while others are developed 
around colourless enclosures of siroon, 4c. Jfon,— Oolourod mn^ 
Komctinies (but rarely) visible in basal sectiona 
About 1'58 (in Muscovite 1*56 to 1*60). Cofcwr — Colourless to 
brown and green. Darkest in basal sections. Biotite decomposes te 
green chloritic products, Very strong in coloured varieties. 

Darkest tints occur when the ctcavage lines are parallel to the 
shorter diagonal of the nicol. 7). Kxceptionally strong 

(about '04 X being liigher than in common epidote. Tho optic axial 
plane is parallel to the chnoptnacoid or the orthopinaooid ; the 
haial sections (or, better still, cleavage* flakes taken from the 
rock*^)edmen direct) show admirable figuree with convergent 
light, the optic axial angle being 0* to about 70*. Extind,^ 
Vertical sections extinguish perpendicular and parallel to the 
basal cleavage, the minute deviations from this rule not being 
recognisable in rock*sections. OpL Sign — Negative ; tho ]»rind|iai 
axis is practically the vibration -direction for the futest ray, the 
deviation of the acute bisectrix from it being inappreciable. 

Vde.— fiee Biotite, Mosoorite, and Phlogi^te. In oases of doubt it is 
best to spet^ merelj of ** dark mica'* or ** ught saiea " until better teete 
eaa be applied. 


MicaocLiiTB and Sona-MtcuocLiifi (AifoRTBoouisKX->ChM^. 
— Like ortboclase and soduKirthoclase. i^isl^TrieUikto; paeudo* 
Bonoelinio. 

L The eommoa felspar of graphic granite. On ite surfaces 
the lens ^nerally reveals a structure of opaque litUe whitldi 
rods crossing at right angles and alternating with somewhat 
more translucent areas. Flesh-red, yellowish, or green ( Amaaon- 
■tone). 6 « 3*57, to 3*60 in soda-mieroclinn 
n. fteiembles ortboclase, but shows with croesed nicolt a 
m^ or less di^ed system oi repeated twinning, the mioute 
components crossing one another nearly at right angles 
•ttl producing a coloured mesh-work.* As Rombnsch showi. 


*8ab^y*s isflenioai exdaiistUio of thb riberi (Ndiei /sArfi./b' ifhi., 
Bsitsgs BA vli., TttJ, p. u due to tlte cnsiiiig of the hmim of <mly 
wt of twin-eompoDSBis, those of the tibfte typi^ k dUBoidt to vsrlfv, 

bmsitfteleer^lwtekteiiitoMnridiraUcML 
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if one group be net upright in the field, mid rotated until ex 
tioction occurs in one of the sets of lamellw composing it, one 
set from the group lying perpendicular to the first is, in most 
sections, simultaneously extinguished. Black l»nds crossing 
on© another at right angles are thus conspicuous in the field. 
In .the sone perpendicular to the brachypinacoid, the maximum 
angle of extinction for the albite type of laroellsc is 18*. 

In bisal cleavage plates, extinction occurs at 15^* from the 
trace of the pinacoidal cleavage (at 0 ’ in orthoclase). lUfr. 
/n4ices-'l’519-l'529. (See Plagioclases, and fig. 25.) 

Maseofite. Oomp, — H^K AI 3 (Si O.)^ (after Groth), A typical 
and common alumina alkali mica. For general characters, see 
Micas- Special points : — 

I. Commonly lighteoloured and silvery, but approaching black 
as the crystals become thicker. Very common in niica-.schists 
(often with skbicitk and other varieties) ; also in many granites. 

n. CoUrtir — Colourless or palest yellow-brown. — Visible 

if the mica shows even a trace of colour. D. R*fr , — Strong 
in vertical sections (01). Colours commonly pinks and greens 
of third and fourth ordera, or high white, ^*ctions or Hakes 
parallel to the basal cleavi^e show double refraction distinctly 
(compare Phlogopite and Biotite). Optic axial angle wide, the 
figure with convergent light being a striking one and easily 
obtained with fairly thick cleavage-plates. Optic axial plane 
perpendicular to clinopinaooid. The trace of the optic axial 
plane, which is easily found by the axial figure, is the vibration- 
direction of the slow ray in the cleavage-fif^e. (Figs. 24 and 43.) 

JITote.— Often ooour* in minute forms in ritered potash-felspar. Siricitk 
is oovered by the above deeerlptioo. See lilicas, Biotite, and Phlogopitei 

Natbouti. Qmp, — Na^Al^ifOie-i- 2^0. Rhombia 

I. A common product of the decomposition of such ailicates aa 
nepbelin^ aoda-felapara, Ac. Ocoura in radiating fibroua gronpa, 
oolourlcM or atainea light brown. Hardneaa « 5*5, but difficult 
to tost in Uie rook, owing to the brittle nature of the prismatic 
crystals. See Blowpipe characters, p, 74. 

IL Form — like roost xeolitoa, forms radiating groups of priama 
in dooompoaing minerals or in cavities of the rook. Indea^ 
1'485; below tiiat of felspars. Co&wr — Ccdonrleas. — 

Commonly bright first oraer colours. The fibrous groups natur- 
ally show a partial or complete dark cross with crossed niooia 
p. 149). Aierincf.— Rhombic. OpL iSfipn^Positive; the longer 
direction of the prism is that of vibriition for the slowest ray. 

Comn.— Approdmately (Ka, K) A1 Si 0^ (See 
PL 74.) fi^^-HezagoniA 
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_ iod ib<»rtbttxifQiill^^ 
in the kitor fona u tto wdU* 
. OdeiiVild» whm Itpkjri thft 
HiMrdaMi*»0*ft; liraijntlMcttolied 


L Brown or woonUh i 
rodts (huboutbX or oolon 
in Ima. Ezoelleoti 
known Unit of ^ 

{N^^nporphY 

with m kulo , 

Very dwaopotod, and tUn i»odiiow ^ ^y-brown 
mcou «nd poedfoa<a]^s, in which rocmtalliMtto& k f^ng on, 
mating in seoHtes. On Uoie nhonohteo tho liitio Uxagcmni 
cronseGtioniB of nepboline otn do jndcod ooi with the ojo «• 
opMoe lighter pot<^ in n my or bfowniah gmondniMi. 

II Farm — liT^fiiler gnunt (iLn>UTc) or ihort hezajuponnl 
priimB, giTing eqnaree and hezagone u the moit tyiaoal ■eeitoon 
CZMv.<<-Kot wen. FtuL^Oaaaaoik, arranged ingpnea. Zam , — 
Gommon. 1*540. ^(o/Mfr--OolofirieM. When 

deoompoeed, a ran oharaoterutie earthy yellowiah- brown. 
/>. JK^.x-Oolonn like apatite; lower than fel^ian* Heza^al 
Mctions iaotropio, nnkw oblione. When dtered, girei iUona 
aggregate eff^ Opt, jSfya— Native. (Fig. 34.) 


iVoCc:— Cominre apatiU and aowaa. Sw also anakthM aad natrdUe for 
deooDipoBtioa-aiodaeta. In the eUdita-qroaitw the weaker doeblt'Tefiao* 
tios hdpe to Miagvik the efapohte ftm the aatwiaaed fel^an, while 
• eoemgent tight of coaree giree a anlaiial fignfa. 


N08BA!r. C«iv.--Na*{KaS04A!) Ai|(Si04),( Ka,Al,(8iOJ, + 

L Oftra vitible aa dark grey hexagoi^ aeotiona on the roek* 
anr&oe. Fomia thni darker patoUa in the gr^ or brown 
gronndmaaa of some phtmoUtea; aometuiiea opaque Imt brown. 

H like hadyne, but emninottly huger, and odonrleas to 
greyiah-browo. Dark outer aooo ofbui eonafieiioaa (aa in the Ane 
corroded examples in ihelenoitite of Bkden, Eild, ieen in (Igi 37). 

yote.^See HaSyae. Kfleean or haUM oan ba Iroilod nderoUemioaDy 
Uy d e floiapeeing irith ddale hydroohlene aold nd efapoimthig ala awrdy 
modoiate temporatwe. If cryHale of 0weni er» fc w w c a Uad w ti y 
(coaamaly ia radiatiag Uiwhei) tha aitamii ii haiy ne. 


Ohgedaae (see PlaadoclaaeaV. 

d^^BhomhU 

L Oranolea or axi^zifliately feotangnhir ovyatal% aomevhal 
eoniptottoosly mari^ ont thdr yallov*ffrea& ooloor and 
kstra from their annoondmgii whi»_«re oomau)^ 


Hot aolitaliedby tho kiiBh. 8omtimei»i 
ehromitB, Iwfidk np a wiideiil do Dtaddenn^hb 

at tbM it When the , 
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olivine It becomes soft and 

gm^grm^ <»r afon btaek if m^Mignetite has separated out 
wituA it» Thus in the Forellenrafi^^j^ctolite) of Volpers* 
dorf or the Iterdi and in many rocnnpllt ^^Instre'mottling’* 
(see p. 101), the mineral appears as dna l^|i^4 >lack granules, 
and might be mistaken in ^ome gabbrosiN^^ decomposing 
pyrazenn It is vmj important to near in mu^tlui masking 
(h oUvinD l^lts deoompoeition-products (fig. 31)."^ 
n. Form Barely a perfect ontline, bnt typically an elongated 
hexagon; in many lavas and in rocb with granitic stmctnre^ 
irregular forms or eliiptioal grains; also common as gronps of 
grains. Very often cracked and oorroded in lavas, since it occurs 
as a porahyritio constituent Ckav . — Not often visible. Entk 
^liquid Mid ^^her endoenres common, often in delicate ramify- 
ing forms, Schillerisation may be studied in all stages in olivine, 
tome sections finally looking idmost diaHa^pc (as in the dolerite 
of Kentallen, Appin). ^r, Tru/ex— 1*679 ; near the pyraxenes. 
Cbfour — Colonrfess. Faint yellow-brown in the exoeptionally 
forriforona varieties. AJteration-prodncte green of various shades, 
oocarring on margin and along cracks (fig. 38 ), often with develop- 
ment of <^paqae granules (magnetite). Pko, — The green decom- 
podtion-praduote are pleoduroia D, strong as epidote; 

weaker than muscovite, — Fhrallel to axes of 

^mmetry of most of the sections. 


JfoCi.— Vraqaaatly only to bo tiaood aa Mudomorpha (aeo Sorpmtiiie). 
CSldto muf tnitt repfauw olivine, Jndd haa ahown that muiy patokra 
of msgiiitftsniy rep r es en t alUiod oUviae. UM.L^vy and Lacroix dosoribe 
a tnisparaat rad dooosspodtkm-pMdttet with dia^et mafln^Baooidal 
olaavaga Koto Uw ookmrleaa oharaoter of uoaltored oUvineu 


Opal perh^M some water. — Amorphous. 

I Opalescent, appeanng bluish by refieotM and brownish 
by traasmitted light Sometimes clear and colourless (hyalite). 
Oeours with oharoedoay, commonly in cavities of rhyolitic or 
tmohytic lavas; also replacing wood. Hardness sometimes 
below 6, 

Q. In sections colourless, sometimes showing indesoent films 
by reileoted light Isotropic, with oooasioiial Btrain-p|ienomen% 
l»n)ddciag a l&ck cross between crossed nieols. See Ohaloedony. 

OlthoAae. ’(E, Na)AJSi|0|. Sytk — Monoelinio^OT 

pMuda^monocUnici 

^ PHsmatio or grannlar; Clear and colourlesB, with &iht 
btfwulib exterior and rifyeous lustre (^ahwimm of lavas) to 
grey^ hrown^ or red crratals (ocmumm 
ortkiSymV Qeoasimml iriiitois^ and irmbmnt ^ forma. 
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Oleavago-plftaes well markeil, hasal and clinopinacoidali with 
vitreous to pearly lustre. Hardness «» 6. G » 2*56-2-6d. 
Strong [totassium reaction in fiarae. Twin forms veiy often 
reoc^nisable. Where the outer form is obscure, as in most 
granites, the fractured surfHoe of the rock shows crystals wi^ 
the basal cleavages •loping in one half towards the eye and in 
the other and duller half away from it, giving tons evidenee of 
the simple twinning (p. 16). 

H /Vfm— Prismatic ; cross-sections approximately rectangu* 
lar. Barely truly granular, and thus differing from quarts. 
Clean. — Distinct, often in both principal directions, and marked 
by dusky decomposition-products. Not ordinarily seen in saifi' 
niKB, which shows rudely parallel cracks. EneL — Oommon. 
Frequently sohillerised. Zones fairly oommoa Rejr, 

Index — ]’523. Little below quarts, and thus close to that of 
the balsam. Coi[mr<— Colourless, with dusky grey decomposi* 
tion-products (6g. 2G) ; white mica is very oommon among 
these. Saxidinr is as clear and colourless at quarts (6g. 33). 
/>. R*fr , — Weak (’007) ; colours grey in thin sections; brighter 
tints of first order in many ordinary sections. Optic axial 
plane either the clinopinacoid or perpendicular to it, the latter 
case being by far the most common. The plane is then almost 
parallel to the base. ExtxneU — Straight in sections from the 
ortbodiagonal zone, and occurring at 21* from the vertical 
axis in the clinopinacoid, the measurement being made towards 
the obtuse angle formed by the traces of the base and ortho- 
pinsooid. The basal cleavage-fiake extinguishes stoaight with 
the trace of the clinopinacoidal cleavage, and the olinopiiMooidal 
flake at 5* from the basal cleavage. Twiru — Simple twinning 
common, though sections may easily pass through one half only, 
plane of composition often step-like or irr^lar. A aquarith 
section with toe compositioo-plane running diagonally U almoat 
sure to be from a Baveno twin. 

Note.— SoDs-oxTHoouASs cannot be divided off satisfactorily from com. 
men MthocUae, as far, at any rate, aa rock-forming typro are conoomod. 

Distingn^ dear ortboclase from qnsrU by outline, cleavages, soning, 
oUiqne extioctMn in most piiimatio aecthma, sod twinning. Where dectim- 
pmttOQ has set in, remember that quarts shows no sneh products. Pis- 
tinguiah ortooclssca from ptsgioelsses by pretence of repeated twinning In 
nsMt wyaUk of the latter. See Microcline and Ptagiocmees. 

Cm,v.~H,(Fe.Mg.Mii)Al, 

l^€^^^~-Mono6litiie (perhaps tnelmio). 

L dhoraeteristie irDii*ld^ or b]ack<gFM& losenge-sliaimd or 
oval platos in iMie metamorpliie rooM Haidneti above 6; 
httioe shandy dirtinei from duoritaa. 



BOOK-rORMIiro NIXERAL8. 


173 


n* Piitincfc basal cleavage. Greenish-bioe coloar ; the central 
portion is sometimes darker and shaped like an hour-glass, a 
lighter area appearing on each side. Marked pleochroism. 

i^(/^--OttreUte U well observed in the schist of Otitoes in the eonth-east 
of Belgium. Some onoertauity haugi over the reUtioos of ottrellte and 
the ram widely distributed chloritoid. If a chemical diffmnce realty 
extste, ottrellte proper oontains numgaoaee as well as iB<4pMwia, while 
oblofitoid does not 


Pblogopite.— A mica of the ferro-magnesian type, with little 
iron. For all general characters see micas. Special points : — 

I. Typically bronze-coloured rather than black, 
n. Cwour-^Oolourless when thin. D. JteJr.^BaaaX sections 
deviate from isotropism more than those of biotite, the optic axial 
angle being typically larger. But some show merely a black cross 
during rotation above convergent polarised light 
JlTois,— S«« Mteas, Mnsoovito, and Biotite. 

FmJTE — An earthy grey pseudomorpboos replacement of 
oordierite and other sUicat^ being itself a hydrous silicate of 
alumina and potash with some little magnesia, iron oxide, and 
soda. Produces grey patches in the rock-mass, or sometimes, os 
in euritat of Auvergne, well bounded prismatic pseudomorphs. 
Under the microscope gives hbrous tufts and irregular cloudy 
patches. 

P|ggioc]juea.*-Thi8 great group of felspars forms too continuous 
a series to allow of the separate discussion of its members. 

Silicates of alumiaa, potash, soda« and lime ; the group 

includes 


Mterocline and Soda-tnieroeUne. (K, Ka)AiSi|(^ 
(See p. 168.) 

Albite. NaAlSi,0«»Ab. 

OUff^ase** AbjAni to Ab|Ani. 

Anaesine. AbiAuj to Ab,An|. 

Lftbradorite* Ad}|Aoi to Ab, Ad|. 

Bjrtownlto. Ab|Ai^ to Ah,Aiir 
AOOrUllte. Ca Aly (Si 0*), » An. 


TrUjUttic; closely comparable in type to orthoclase, the 
brachypiuacoid corresponding to the clinopinacoid in the latter. 

I Commonly prismatic, but may be minutely so or granular. 
Colourless and glassy to opaque white. Sometimes a delicate 
blue-grey; rarely red. Sohilleriaed and iridescent forms occ^ 


* Xbs between albite and anorthito are ooiasKiiiIy regarded 

ea bulU^of moleculee of tbeae two felepars in varying proporitoMi 
heDoa oli^olaee beoomea nNaAlSiyOa + Ca AbSiyC^ ^ leheadorile 
NaAlSLOy + aCaALShO,. The proiKirtions bare given an thoaa 
adopted by Hfntee, following TMhwnak. 
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tumaUy seen when the ttinml ia eovrwlj 
known in aodvorthocbse. Bwl end kraohypun^^^HRS 
plenee easily seen, partiealerl; the^.- foym t i gi^ttlTOea * .6. 
Specific gravity risen as foUo!i«>'^iPhlkl^ ^14*^ ; tiigOdiML 
2^2'€5; andeBinei 3 es^-TS; hrtfivilta] 

8*72-2*74 ; anortMta, 2*78. Twin-forms show to the <m or lens 
alt^nately reflecting or duller lamelba^ aoeording to the porition 
of the sur&oe of nietnre with regard to the eieavai^ in the 
indiTidnal lamellm. A number of fine %htfw jgir dnllw heiwia is 
tbos oftmi visifale, especially with the lena^ pendlel to the longer 
direction cl tiie prismatic form (p. 16), 

Albite ia (dten found filling up or cfystallised in cavities 
or altered folspars as a mineral of secondary origin. 

n. Form — rrismatic^croes-aecriottsapproxunatelyrectangiilar.^ 
In many rocks gimnnlar, espeeiallv when developed as secondary 
products. Often greatly corroded, the gllssy matrix penetrating 
thronghont the crystal along cleavage or Bolutfon-{dNm (fig. 38). 

Sharp in ^e coarser forms; oft^ in these marked out 
by dual^ decomposition-products. J^---Common. Fiequmitly 
schillerised, the felspars of many gabbroe showing l^ts duuacter 
excellently. Zotl — Zones common, frequmitiy giving di&rent 
coimm and extincrions with crossed niools, Owifig pitdmldy to 
the crystal being built up of iaomdVidious fokpan saooeisiWly 
devek^ from the matrix. Refr. /fufos— iJways near that 
Uie balsam. The indices are :~Albl|e, 1*989 to l*fi$9:0ligcdase. 

1 540 to 1*547; inderine, 1*549 to 1*555; lahradci^ 1*555 to 
1*565; bytowfite, 1*665 to 1*569; ftBortyte, 1*675 to 1*588 
{B^ita^nueh-Wiilfingy 19(K1). All sections of ^^idoroeline snd 
sBorthoelase, and almost all seetions of albite and otigoelase 
rich in soda, have a r^hmtive index below that of ordinary 
balsam; basic oligodase and all the remainittg |dag^oclsces 
hare an iiid» above that of the b^sam in ail semna. Colimr 
— Coionriess, with dnsky my decompositi(m*pr^oota. The 
interior is often thus cfouded while the ontamoet sonea aie 
dear. Sometimes the whole erystal k traduced to mddte and 
widote, I>. Weak {*OO0\ ridng to .^13 Ifi iUrtlitti* 
colours iia |^« or 1^ tinfo ofX^ 

pcd«. fs^-These may \k sompMs sMkld on efoav. 
sge>lakiA%T1ie ex^tctfons havs thmi been wMtod ont 
asAoiii pamllel to ; the base and to ikt Ivadbytdfiaso^ 

t«as the bcadnr. 
dr by die ikiSm 

albite-^ of ky^in^is set a^hi in ike 6^ Mi the 
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i» memred from this gnide-lute. We may 
<^^g[oeIaee has in soch sekiens nearly straight 
extinctl^i’ antla^^pd^ylabia^ mre angle# (^ 5 ^ 9 * 

reepeotively, on of the gnidniine if Ute plates 

examined are kejpi each im t£s imiDe pontioa wiUi regard to the 
eiystala fhmi «4ieh they wwe broken. Anorthite^ on the other 
hand, has a high angloi as mnoh as 37*, ediidi is very dsslanctive, 
ha aify bytowntte gh^ <mly 17|** 

If a bfm^ypinaooidAl cleavage-^e is so plaoed that the trace 
of the basal oleai^ is uprijjit in the field, while the obtuse 
aimles ihrmed by tibis and the direcdon of the vertical axis lie 
below on the left and above on the right, then the extinction 
will oocnr after the following amonuts (rf rotation of the 
oiystal:— 


: • • • 

.■ :• ; ^ I 

On oomparing these figures with those for the basal flakes, we 
see tirnt if we break a cleavage-flake bap-hazard from a felspar, 
not knowing what species or whidi cleavage we are dealing with, 
and aet the traoe of the other cleavage npri^t in the field, we 
have the last given series of figures as maximum angles of extino* 
tion for tim principal iqpeetes. Aa before, the angle referred to 
ia that between the traoe of the deav&ge and the direction of 
extinction that lies n^uest to it ; but the rotation may be to one 
hand or the other. We may, however, on determining the angle 
in the nnknown’Cleavage-pUte first obtained, then seek to procnre 
a plate from the second deavagemr&ces of tiie specimen. A 
oomnariaon the reaulte obtained with both plates will be of 
servW Thus^ while the distinction between lahiadorite and 
alhite will still be difooolt, (fllgooliae wUl give a low ( 1 * to 5 *) 
and anoithite a high ai^ (37!1 in hotii flakes. 

-Milt Idrj and Lmtoix timw how the extinctions of the teidinic 
may he utilised in the case of microscopic sections. Thus, 
in paiticda^^a seetion is sought ht in which twinning 

af the albite tm Is distineb end in whidi extinction of the 
iltMviate seta or lamdlintakeB place at tiie aame ang^e on opposite 
sidea oi teaoe of theplane of compodtum, whfohja nsed as a 
foide-iine. The two s^ of huneDm will thus diow e^al degrees 
of iUfitinalion in the wpiight positioiLin the fidd, a foot that ia 
of grmit attlitince in the aefoetion of sections for measurement 
Sttdk a section, which is not al^ys oasUy found in a sftde, 
liaa been cut parallel to die axis cf rotation^ the twiiyam^ie 
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oftiiealbite type— m., to a Hoe perpendicular to the bracby- 
pinacoid. The lamellie of the pericline type will also be extin- 
guislied symmetrically 14 sections from this sono. Sections 
showing this symmetrica] extinction and yielding Uno angles 
are approximately parallel to the basal plane ; those giTing high 
angles should be selected. The raeasurement is made to the 
slow ray trace. The maximum extinction'Ungies of the albite 
type of lametiffi in {sees from this zone are as follows: — * 


Mieroelh^» 

Albite, . 

OUffoelase, 

Andeslne, 

Labndoiite, 

lytownite, 

Anortblte, 



16* (buio ranetiH 22*1. 
2T Ibuio Tsrieties 38*1. 
46* 

6y 


Were it possible to determine how each section has been cut/ 
eTen albite and andesine could be distinguished hr a dilference 
in the direction of rotation ; but Becke's simple method for the ob- 
servatioD of relative refractive index effects this admirably, when- 
ever sections of the felspar can be found abutting on the balsam 
at the edge of the slide (p. 1 42). TWina— Repeated twinning is ex 
tremely common, the lamellts being often very numerous. Both 
the slhiite type, with the brachypinaooid as the twin plane and com- 
position-plai^ and the pericline type, with the ** rhombic section** 
as the composition-plane and the macrodiagonal as the twin-axis, 
may occur in the same crystal, giving cross-twinning which 
becomes very delicate in microcline. In sections from the zone 
of the base and macropinaeoid the trac^ of the lamelt» of the 
two systems are almost at right angles. Other types of twinning 
occasionally occur; the Carlsbad type is inde^ common, one 
half showing, in addition, numerous laroellie of the albite type, 
while the other shows few or no ImneUe. See Microeline. 


Dittionishsd is geiwfal from ortboclats to ordloary socilODs by 
this character of ropsatcil twinning. ThsdUeHfnlnaUonof oas pUgioctass 
from another is a maitsr reqniri^ canaKlerable oars, and the attMa 
shonld be fnrthtf atadied in the larger lext booka A eerief of triali with 
8rabii*s system of flame- rsactioas (p 84) will often help when the mtncral 
has beeu proved to be a plaghxdas^ and ipedflo gravity teats with Ueitae 
liquids a» of grsht sern^ 

^ dull white altered felspars, full of recrysUlHsed deoom- 
pomiiea<]mDdticts such as albite, zoisite, and Mmc-gamot, that are 
oommon in many older diorites and gnbbros, were formerly 

det 1894, p. 81 ; Harher, JPitrohgv. 

411.^,11^ 
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known as badssobitb. Such forms may be termed ** saussuritic 
felspars” (fig. 45J. 

I^te (see Iron Pyrites). 

PyRBHOTiyE. Comp.—’F^ Sg, or Fe 8 (?). Hexagonal. 

Hather redder than iron pyrites. Harauess * about 4, the 
particles Cut out being easily attracted by the magnet. Opaque 
granular In sections 

pyroxenes (see Augite, Diopside^ Rhombic, Pyroxenes, and 
Sodarpyroxenea. Also l^tite). 

? aartx. Comp.—Si 0^ Trigonal. 

Commonly clear ana colourless, with yitreoos lustre. No 
cleavage; concboidal fracture, thus resembling glass. Un- 
scratched by knife. 0 rains (which should be looked for with 
the lens); short prism and two rhombohedra (in some eurites); 
or longer 'prisms terminated by rhombohedra (when fanned in 
cavities or in sedimentary rocks). Occurs also filling veins, and 
is often in such cases almost opaque white. 

n. Form^-Xti igneous rocks seldom shows crystal-outline, 
Commonly allotriomorphic or in corroded grains (fig. 32), but 
well bounded in some eurites. Micropegmatitic intergrowths 
with duller felspar may be expected. In metamorphic and in 
many platonic rocks quarts forms aggregates of little granules, 
which are well revealed by the polariscope. Commonly cracked 
irregularly. In veins, and in residues of limestones, shows 
good crystallographic outlines. None Ajicf.— Liquid^ 

enclosures with moving bubbles commonly very abundant in 
the quarts of deep-seated or metamorphosed rocks, the lines 
along which they have developed often [^ing continuously 
across several grains (see fig. 19). These irreginar strings and 
patches of minute enclosures may be taken for dull decom- 
position-products, such as kaolin, unless a high power is used. 
Glaas-euriosures with fixed bubbles, and sometimes with the 
form of negative crystals, occur in the quartz of many lavas. 
Zon . — Exceraingly rare, except in crystals of sedimentary origin. 
Eefr. /m^^i'647, almost exactly t^t of the balsam. Uolaut^ 
Colourless. See, however. Amethyst No deoompositionpro- 
dttcts. P^^-Observable in the exceptional colourm varieties, 
which have little claim to be called rock-^forming minerals. 
/>. J^.—Weidc (*009) ; like the felspars. The absence of deoom* 
position, as compared with other minerals in the slide, is often 
brought out by the clear colours given by quarts between 
crossed nicola. Thin basal sections show in convergent light 
the ordinary black cross, the characteristic colour^ central 
area, due to rotatory polarisation, being visible only in speciaUj 

12 
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oat thkkor aeotioiuk 
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Opi, 'PofitiTe. 


fiom#— N<me In 
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NhU.-Ompu9 «ad with wd pliglodMW. 

8m tlio Qbi^Mump, Op«4 raTMiyndtab ud flgi. 94 aad 2S, 


Bhomhicfyrois&et. Gbn^MM8,Pe)SiO^ The roek-foming 
ezemples of these woe long ooaraied with nwiiooliiuo pTrtncsaeS) 
whidk geaenUy reeemble to the eye. The boldly devdoped 
lostrouB types &]ii]W to lameFelogistB, snob w the bronsite of 
the KapfefWg end the hypwrsthene of Peal's Islend^ Lebfidfr, 
mey now he regarded es eltezed fisfoa of minerels poesessii^ 
no sooh lustre. Hence Tsehermek pn^Moee Ibf the rhombic 
pyroxenes e porely diemioel groaping >- 


Snstetlte; . 

Bronzlte; 

Eypenthene; 


FtO»]eHtlweff*/«. 

Jfa a 5 to 

n *■ l?/« ^ apwaids. 


To these Pn^ ^odd, * reTiving en older name of vom Beth, 
adds AXBLTvrxGiTX ; Fe 0 » 25 to 35%. 

L Oommonly olo^y resembling aogite ; sometimes as pale as 
diopside; The s^Ulertsed forms, bronote and hypersthene of 
older aath<ws, oocnr in some hoJocryitailine rocks. MonooUnic 
pyroxenes with similar las^ were also formerly clasaed under 
these names. 

II, Pb m Neariy isomorphoos with monodinio pyroxenes ; 
hence the froqnent confusion with them. Prism-angle oe*. Hdnt 
•fid Mcttons to al^pte (6g. 36). C/mo.— >P rismatio, thus 
also fhteraecting nearly at right angles. Sehillerised 

fimns fiiirly common, bat not to be expected in more modem 
Uvas. /ndsx— 1 'dd-l *70. Cdoiir— like monoolinio pyrox- 
enes; oolowlsss, yellowiah-brown, at dmss greenish. HjpsnuieBS 
and AMBiiTfTieiTX, owing to the striking pleoohroimn, often 
appear greenish or pink-rod in the same slide. Decompose 
to green prodnetk See Bastite. Pko , — Enttatft s is too pale 
to exhibit pleo^roism; blOBsito and the mote ferrife^s 
members of the series show bloisb-grm when |he shorter 
diagonal of the nmol is parallel to the Tsrtical axis, brown 
whM it Is parilM to the macrodiagonal, and a fine red-brown, 
wfaenitiipatalleltodiebraeiydiamiaL This efibot is naturally 
Very strik^ in aiini.Yffri8eri. P, J^.-^newhat weaker 
than in the monooUnic pyrawmes, and qnarto 

IntiieeaiSoleMilgttiL Opic aadal idaT ^H K Iwaehypiniepid. 

&&, voL xBt. 
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JSsetmeL — Bbombic; thus marked]/ distiiict from the mouocUnic 
^roxenee, with the exception of those extr^tnelj rich in soda. 
%e direction of the verticel axis U that of ribration for the 
ilowest ray. 

JVh(8.~lBtw|iowtlit with dUUeg* Jure been ohserre^ the hcacbr' 
t to^ri i o m^ foro^b^^ l^^Ued to Uie^^no|iMaewd of w 

aad) if poetOi^^^u^pleocbirisiiJ ^^MC^ioBurluble mumlitf roeks 
the puk imiiidM eeethniX of hyMrstbene resemUe in ordnisry light the 
garaete oeonrring in the lame eli^ The nioole at woe prore the wter to 
beiaotrople. 

la the nbeeaee of mioroeot^ eectiMiB, rocki mut often be called 
^'prroxeoe*aad6iit«L*' ^'prrDxue-diorite)” ho., nnUl aoenrate d^ennina' 
ttonoanbemade. 

Compare oarefnlly with diopeide, angite, and ioda*;^TQxenee. 

For altered ibnst eee Beetjfe and Serpentine. 


BixbkoSitk (see Soda-Amphibolc^. 

RutiLS. Comp. — 1^0{, Tetr^naL 

I As a rock-forming constituent rutile U generally inrisible 
nntil the mieroicope is applied. May appear as hard rich brown 
or black specks. Its h^h specific gravity (4*2) makes it separ- 
able by dense liquida 

H /bma-^ranules and ag^egates, with sometimes distinct 
prismatic forma Minutely distributed in the altered minerals 
of some gahbros ; also in practically all argillaceoas and chloritio 
metaroor|diic ro^s, and also in clays. Shows typically minute 
gimiculated twins, sometimes heart-shaped. Refr. Index-- 
^tremely high (*- 2*713). The tiny crystals and grains thus 
stand out with strongly marked margins. Cofour— Yellow- 
brown to red-brown. Luatrons black by refiected light Twim 
^As altove stated ; highly ohargoteristic. 

SAHiDun (see Orthoclase). 

Saubsubitc (see paragraph at end of Plagiocla^). 

SoAPOUTis. Comp. — A series of minew with meionite at 
one end and marialite at the other, being silicates of alumina, 
lime, and -soda, with some chlorine, the linto preponderating 
lai^ly over soda in tiie meionite molecule. j9y^~Tetragonal. 

£ OryatalHsed in cavities of some lavas; also often occur 
hasociated with .altered felspars, the products of which are 
reorystallisiDg. Odourless to wMte or grey. Soluble in hydro- 
ehlorio acid, leaving a residue of non-gdatinous silica. 

H In seo^ons a number of dear colour!^ granules smose- 
times appears in the place of Msmthio conatitaents. They are 
liable to be mistaken % secondary felspars or e|im quarts. 
ibrn-^Gommonly granular. C3s0e.--^Often not dlitinelri 
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Indtx — About 1*67. CUour — Oolourlesi. i). Refr , — Oonfider' 
ftbly stronger ibon felspan in the highly calciferoui varieties, 
being near olivine in the case of meionite. In diptrb, however 
(the common gra alar type in holocrystalline rocks), the double 
refraction is fairly weak (» about -014). Uniaxial figure in 
convergent Hghk Opt. 9ign — Negative. 

iVofe. — F ot an account of the relati<ma of the acapoUtes and pbgiodaaes, 
and refwencea to the literature of the subject, see Prof Jood, the 
processes by which a plagioclase felspar is oonwted into a acapolite,” 
Mht. Mag., vtd, Wii. (1889), p, 186. 


Sbbioitx (see Muscovite). 

Sezpentine. Cemp. — (Mg, Fe)|S 40 ^ Syit. — Bhombiu. 

I. Soft grey-green, green, black, or red areas among decom- 
posing ferro-magnesian minerals, or even building up the mass 
of a rock. Hardness about ^ l^metimes crystallised in pale or 
golden-yellow fibres in veins running across the rock (chrysotile). 

II. Form — Pseudomorphous, in patches, or in veins and cracks, 
Minute tufts and fibres often developed. Does not look so 
uniform as chloritic areas. The serpentine has often the ovoid 
form of olivine granules, the cracks of the latter being at times 
marked by bands of magnetite. Re/r. Index— havr ; close to that 

the balsam. Co/our— Yellow, yellow-green, or blue-green. 
Most commonly a yellowish-green. Colourless highly refracting 
areas of olivine are often left surrounded by the 8erpentin<^ 
Pleo. — Distinct, in shades of green, D. Rejr . — Close to that of 
ordinary plagioclases. Shows tufts and fibres in polarised light, 
the serpentinous areas being made up of a number of neeales. 
These needles, picked out between crogswl nicols, frequently 
seem at or nearly at right angles to one another, and it is often 
stated that the serpentine in such cases has been derived from 
pyroxene ; but the structure is extremely common in company 
with others which indicate with certainty oHviue. It is probahie 
that in some cases described the rectangular effect is due to 
the illusion referred to on p. 149. (Figs. 31 and 38.) 

Sideiite. Comp. — FeCO,. Kesembles dolomite in sections, 
but is yellow-brown or greenish, with marked pleocbroism. 
Sometimes occurs as oolitic grains (see p. 210). 

SttuiiAKiTX. Comp. — AljSiO^. Sy$t. — Khombic. Common 
in bunches of minute white prisms (colourless in sections) in 
schists altered by contact with granite. D, R^r. — *02. 


ilTofe.— Infuaibk, and dvai good alumina reaetiou with cobalt nttrata. 
Mifiote fngmeuta of rock may be thus tieated'^ilii asamiaad latar ooder 
laicroscopa 


SiAMSote (tee Hornblende). 
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So 0 A - Av PBI110LE8, Comp. — All may be represented as 

N’a(Fe, AI)(Si03)^ with some (Fe, Mg)Si03. Ifike common 
hornblende in most respects. Abftrdsokitb, with little 
slamina, cannot be distinguished from common hornblende by 
simple microscopic tests. The colour is brown or dark green. 
Where the other minerals in the slide, such as nepheline, are rich 
in soda, the amphibolo is likely to be arfvedsonite. Glauoophahb, 
with little iron, gives a silky blue-black, inclining to slate-bine, 
appearance to the rock-surface. Its face-colours are palerviolet- 
blue to greenish-blue or even yellowish. The darkest axis-colours 
occur when the longer axis of a prismatic section lies nearly 
parallel to the shorter diagonal of the nicoL The extinction- 
angle is only about 5 ** in clinopinacoidal sections; hence very 
small in most hap-hazard prismatic sections. The longer axis of 
the prisms nearly coincides with the direction of vibration for 
the slowest ray. In the ferriferous forms, arfvedsonite and 
riebeckite, this direction is that of vibration for the hutest ray. 
RiBBECKiTK is bluo in sections, with blue and green, or blue and 
doll straw-brown, axis-oolours. Some amphiboles show secondary 
outgrowths of soda-amphibole. 

amsll priamt it is possible to mistake a blue aoda-amphibole 
for a blue variety of tourmaline. But in the latter mineral the greatest 
absorption— f.e., the darkest tint of the pleochroism — occurs when tiie 
shorter diagonal of the niool it perpenoicolar to the louger axis of 
prismatic sections. 

SoDALiTS. (A 1 Cl) Alj (Si Cubic. 

I. Can he seen as small colourless cub^ in the hollows of 
some tracbytic lavas. Sometimes a fine blue. 

II. Form — Sections of cube, suggesting at first vertical sections 

of nepheline. Sometimes in larger irregular grains. JRe/r. Index 
— Lower than that of the balsam ( 1 * 486 ). Cofour— Colourless 
to faint blue. V. None. Isotropic. 

Soda-Ortboclasa (see Orthoclase). 

Soda-Fyroxenes. Comp.— Approaching Na (Fe, Al) (Si 03)2- 
i^GiRiNB and Acmitb are non-^uminous. The common green 
monoclinic pyroxenes of trachytic and andesitic rocks, as well as 
of some syenites and diorites, must be referred to merely as 
soda-pyroxene. They resemble augite, except in colour and their 
marked pleochroism ; cross-sections are lighter in tint tlmn 
vertical ones, the former being yellow-green and the latter darker 
green, The axis-oolours are various tints of green. Acmitb 

^Roaenbutoh diatinguishes arfvedaonite, green and q[>tt^y positive, 
from barkevikite, is brown and native. 
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givee brown uoloura, mmnn green, and both have a amaller 
exUDotion angle on the oliuopinaooid (about 5*) than the common 
green rock-forming pyroxene. The latter, being aluminona 
and mouoelinie^ are eometimee styled sodaaugite. 

iVefe. Green pleiMdirde BOQtt aoney mm smimd Of ooour within iHW^ 
porple-broim Mwitee. The hmger axis el the pris ms is sear thevibratloii* 
oumoQ ft^the lastest ray in aoaa-pjrroxeiia, m near that for the slowest 
rv in aiaphibqla 

Sphihe. GaSi H 0|. ^^*^110110011100, 

I Sometimes, as in syenites, visible on snr&ce as yellow or 
brown*red pyramidaUooking crystals, mall in oompanson with 
the other consUtnents (see p. 76). 

n. ^oma-«Oomitt(m section losenge-shi^ied (aaomewhat acute 
ihombns), the boundaries being of the pymmid plai|rs. 

At times imperfeet or partly rounded. C4 mo.— ^ rismatio, and 
thus not psx^et to the common outlines of the section ; often 
seen in the larger examples. /tuftx—Olose to siroon 

(1-93) ; ^us even higher than garnet. CbliMf^Pale pinkish or 
yellowish-brown, to darker yeUow-brown. Pko * — Slight Z>. 
Jie/r , — fixceptionally strong, though not so strong as caloite. 
Pale colonn of fourth or higher orders, Tims— Fairly common, 

, composition-plane paralle] to orthopinaooid. (Fig. 26.) 

.Yote.-'The kaenge-sbapeand hi^ refractive index call aitenymi to even 
smali qpfaenee in rock -sections. For wooxsks, whidi is rsfened to 
splieoe, see Titanic Iron Ore. 

SpiUELLOtDfl.— A name adopted for the isomorphous series of 
cubic minerals commencing with spin^ (Mg Al, OA including 
chrome-spinels and chromite, and terminating with magnetite 
(Fe Fe, 0^ » Feg 0^ Their common characters are thorn of 
magnetite ; bnl there is a greater degree of traDslucency as we 
pass through chromite to trae s^el, Uie re&sctive index being 
al wavs high. CSirom'eepbel is brown-gremi or green in seotions, 
are, of course^ Isotropic. Oommon sj^el ommot w^ be 
distinguish^ from garnet in seetitMis (see p. 76 for Blowpipe- 
tests). 

SriLBiti (Desmihs). Comp.--Ca Al^ (Si^OA •t' 6 0, with 

some Na^ and repmcing Ca. Monoeltnic. 

L A frtrly common zeolite, ooooning in Ifraups of platy 
crytUhi in eavities ol eslmferoiis lavM. Oooammiiuly in radial 
groupa WMte or red.* Pearly lustre chara^jriitfc. 

JL j^TTSH-Longprisiimticsecti^^ 
of feli|iars(l*497). 
natfsdiiijlMlellntoi^ 
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tbout 7* aiTAy from principal axis. Vibration-direction for 
faatest raj practically corresponds with longer direction of the 
prismatic sections. 

Talo.. Cowp.— ]^Mgj{ 8 iOj) 4 . Bbombio. 

I Difficult to distin^ish from vbite micas in small dakea^ 
but less brilliABt^ and hardness >«1. Easily recognised in well- 
deTelo^ talo^chists. 

H Appearv as greyish or colourless streaky areas formed of 
crystals with a basal cleavage. Stn>ng double refraction. * 
^ade Im Ore. » f»TiFeO|-f nFejOp 

and is tngonai 

^ I The rock-forming grannies resemble magnetite. 

II. Fwm — Hexagons and grannies. Cofoiw— Opaque; decom- 
poeitjon-prodncts in part dusky-brown and translucent, and 
referred to sphenn Kack by reflected light, with a white mesh- 
work, or inVgular patches, of decomposition-products. These, 
whe^er trandncent mr opaque^ may be staled LxnooxiHB when 
they cannot with certainty m described as sphena. 

iTofa— Clots assooiaUou of Utaaie iroa ore sad magnetite profaebly 
ooour, and aomo magnetite la titMoferoaa witbont ocmtaining inter- 
grown with it any true hexagonal ilmenite. Hence the term titanic irtm 
ore ia oaed here to saver all eaaee, investigated or donbtflii (Fig. 29.) 

Topas. Cotnp.*«(F, 0 H)f Al^ Si 0^ [Groth). ^S^^Bhombia 

I. Barely seen in the ^k-mass, but occasionally prismatic 
and reoogniaabl& The perfect basal cleavage may distiDgulBh 
it from quarts. Spedflc gravity, 3*5. 

n. Form — Prisms or granules. CUav . — Hot always seen, but 
good basal. B^r. /ndlsa^Higher than quartz (1*615) and easily 
distinguished thus from it with a spot-lens or oblique illamina- 
lion. (Tofour^Colourlesa. D* i^.^Coloura mnik like those 
of quarts. Biaxial figure. Longer axis of prism is vibration- 
direction for slowest ray. 

JVofa— Oomin in many qurtsose rooks, such os gruftes, greisen, &c., 
being probably developea bra the alteratitm of feUpais and otna* uUoatea 
wrntaiiiing 

TomdllM. f7ofim.^H|AL(B H being re- 

^j ^dj^y Al, Na, Mg, and Fe (Psi|^ wd rooU). 

I. Black patches and striated prisms, -sometimes in radiU 
grdapaj h, granites and allied locka. Sometimes green of various 
tbadsA O^is ofben onite edges of ^eons vmns, and is douht- 
l«la a modttct of of mioa^ felspars, and bthw 

miiierals. ^a eomm^ black “sritorl ” xeidaoM at timla all ^ 
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minenls of * granite except the qnartZ) additional secondarf 
qnarts bong at the Mine time developed. Not acratched by knife. 

H ^om— Characteristic cross-sections of trigonal prisms 
with carved faces; or delicate needles (as in “luxulyanite”}; 
or commonly in irregular masses spreading among the other 
minerals, and sometimes optically continuous around several 
granules of residual quarts. C2sao. — Irregular cracks alone 
visible. A fibrous structure, due to rod-like inclusions, some- 
times seen. ZnttL — Sometimes in colour. Brfr, /iKtec— Some- 
what above that of topaz (1*636). Co/our— Commonly a warm 
yellow-brown, inclining to bluish tints in places, ^metimea 
dull blue or green. ^fm.--^troog ; firom dark grey-brown to 
pale yellow-brown in common varieties. The darkest tint occurs 
when the shorter diagonal of the uicol is perpendicular tQ the 
longer axis of the prism. D. A^/r. — Much like augite, but the 
colours are masked somewhat by the strong natural colouring of 
the common varieties of the mineral Baul sections isotropic, 
and giving black cross with convergent light OpL Sign — 
Negative; the long axis of the prism is direction of vibration 
for fimtest ray. Hence differs from prisms of hornblende. 

ilTote.— ‘AbMooe of clsarage diitingaiabes toamaUno fimn biotite sad 
homhletids, with which tourmaline thoald be carefully compared. The 
paseage into falnich tinta in ordinary Usbt is oharaoterisUe of common brown 
tonnndjne. See note on Soda-Amphlnolea. 

Tbeuoute. a non-aluminous araphibole almost free from 
iron. Comp,— Ca Mg 3 (Si Oj)|. Special points: — 

L Colourless, or &intly yellow or green. Occurs commonly 
in veins and in metamorphic rooks, often in crystalline lime- 
stones. 

II Like hornblende, but colourless. 

NcM— Marked oat commonly among other oohmrleaa minerals by the 
lozenge-ahaped form of its croea-seottons and by the deavagea Sea 
Actinolite and Hoinblende. 

TaiDTHiTA Cos^.— SiOp Hexagonal above 117** 

L May be seen as thin transparent hexagonal plates, several 
being grouped together, in the cavities of some highly siliceous 
lavas. Brittle and diifiralt to extract. Specific gravity only 2*3. 

n. Seen in sections that traverse erseks and cavities in many 
rhyolites and trachytes. JH^. /ndec— Lower than quarts (1 *43). 
Colourless, with anomalous doable refractipn in the basal plates* 

tIhALiTt (see Augite). 

Zeolitei^Comiiioii m white or pale-colotired products in the 
jomii and esvities of lavas, <»* among the minerals of coarser 
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rocks. Very often in fibrous aggregates, tfios in sections 
a black cross in plane polarised light (see p. 149). For notes on 
some species of the group see Analcime, N^atroUte, and Stilbite. 

Zircon. Comp, — Zr Si 0^. —Tetragonal. 

I. Oommon as a minute constituent of granites, diorites, &c., 
and in the sands derived from them. Ordinarily invisible to the 
eye; hat fine brow^n examples occur in rocks from Renfrevr, 
Canada, and red or yellov crystals are common in several 
eheolite^yenites. High lustre ; hardness « 7*5. Easily separable 
by dense liquids, owing to its high speci6c gravity (4*5), 

n, When seen among the particles separated from 

sands, the tetragonal prism, with pyramid of another order, is 
commonly recognisable, the hard little crystals being only slightly 
abraded. In sections, small grains or squares and prisms, 
included in micas or other minerals Pleochroic areas very often 
occur in micas round about such enclosures of minute zircons. 
R*;Jt, /nd«c— Extremely high (=1*95 or more), being a little 
above s phene. Hence the particles in a mounted sand stand out 
with very black borders ; while those in rock-sections have a 
very distinctly pitted surface. CWour— Colourless. D. R«fr . — 
Stronger than micas ; colours of high orders alone seen. Opt. 

—Positive. 

ZoisiTK Group. Comp, — H Ca^ Al, Si, 0^, (compare epidote). 
Syit. — Rhombic in most cases, but the forms are closely similar 
to those of epidote, and a nionoclinic variety, clikozoisite, oocurF. 

I. Rarely seen in recognisable forms in rocks, though oommon 
as alteration-products. Colourless. 

H Abm — Prisms, the longer axis corresponding to the ortho- 
diagonal of epidote. Basal sections lozenge -ahap^ with prism- 
angle of 116^ 40'. Occur very often as d6com[>ositton-producta 
within basic felspars. CUav. — Perfect parallel to the brachy- 
pinacoid. Rofr, /ndsafl — 1*7. CWowr— Colourless. D. — 
Much weaker than that of epidote (=> about *005); weaker even 
than the felspars. Hence in ordinary sections the colours 
between crossed nicols will appreciably aid in the discrimination 
of xoUite from colourless epidote. In prismatic sections 

not dUtinguisbsble from those of epidote. The longer axis is 
sometimes the vibratioD-direction for the ray of mean velocity, 
and sometimes for the fastest ray, so that the quarts. wedge gives 
different results for different species. 

AVe.— Coiumre ep'dote (pistaclte), and tremolite. See also saossorite, 
and aspeoially WeifiMhenk, GialtiiiMdmiU ^tixitdi«i(190l), pp. 81-88. 
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OHAPTBB XVIII, 

SBDUIJSIITART BOOKS. 

To prooeed to tbo appliestiOB of tho methods of observetion thet 
Lave been now described, we ma^ becin wi(^ fragmental or 
clasUo rocka, at being on the whole the most fteqnently met 
with and being in many cases capable of simple examination 
in the form of powder under the micrcwoope. As in the case 
of rock-fonning minerals, under the headii^ I, in dealing with 
each type of rock, we shall describe the characters that ordinarily 
serve for its determination in the held or in a hand-specimen, 
while under the heading IL we shall point oat its most stiikiug 
microsccqdo chancten. 

I. Sands and SANiraroNOL 

Sailti-*^Oompowd of loosely aggre^ted grains of quarts, 
various silicat^ or other minerals; in the vast majority of 
cases, rocks de^ribed as sands possess a large percentage 
of silica. 

I Sands should be collected in as dry a condition as possible, 
and from positioDS where th^ have not been silted by local ai^ 
currents. Specimens can be easily carried in strong pill-boxes 
in a dry state, or, very conveniently in stont glass specimen- 
tubes, corked, the tubes themselves briog protwted in a little 
iat box carri^ in the field-bag. SheU-fingments, spines, spicules, 
and so finih, can generally be aepanted % sieves, and the char- 
acter of tile inorganic mineral granules can tim be studied 
separately. The mgd or otiier obsonring partietos on the surface 
of the grains should be rubbed off as fiv as poniUe with the 
fingers, and, when thus looenied, can be blown off or washed 
away in water. Wh^ the first signs of cementation and of the 
oonvenkmof the sand into a sandstone have nadwtiieir appea^ 
aaes^ ^ «heii|kal mr othw ehaiaeten (ff tim eanenti^ 
muss he eareftdly examined. 

Forjmaay ofassrvationBit is neosmaiy toN^|prtiie^pidnt with 
add j saldts^ Imt are dias add the teddoe 

oQiUBOBlj dwifps ffrom ^ tsi^dabe ii am^Mst edouriSM 
eondItioiL ^ 



SBDIMBNTABY B0CK8. 


187 


Where it is desirable to divide a sand into coastituents of 
various degrees d fiueness, as during the examination of a soil, 
zinc sieves with ciftular holes are in every way superior to the 
ordinary tin ones with wire meshes. Commerciid perfotated 
zinc can be used for the bottoms, the holes being commonly 
graded in millimetres. For quantitative work, the residue in 
the sieve must in all cases be washed with water, and tiie fine 
material thus carried through must be passed through the next 
sieve lower in the series, and so on. For the separation of 
grades below 1 mm. in diameter, processes involving snocessive 
sedimentation in water or elutriation should be employed (see 
p. llfi, and T. Crook on a method of soil-analysis, in Hatch and 
Rastalh “ Petrdogy,” voL ii. (1913), p, 342. It may be remarked 
here that many plastic “days" are found to consist in part of 
veiy fine quartz sand (see p. 198). 

The use of heavy liquids (p. 116) will be invaluable in 
all cases of resear^. The extraction of heavy minerals, 
such as riroon, rutile, from common sands may also 
be effected very fairly by the following method described 
by Mr. Carus- Wilson.* A piece of cardboard about 2 feet 
long is bent in the form of a trough and held in this 
curved form by elastic bands at either end ; this is held at an 
angle sufiiciently steep to allow the sand to travel slowly down 
when the cardboard is tapped with the finger. The heavy 
minerals, commonly appealing as very small dark grains, lag 
behind, forming a continually increasing orescent-shaped group 
at the upper end of the descending material When the last 
common sand-grains liave fallen this heavier portion may be 
collected in another vessel Thero will be a number of minute 
quarts grains, Acl, still associated with the rutile or zircon ; but 
these can be laigely removed by blowing lightly ; even if a 
separation in dense liquids becomes finally necessary, the work 
will have been very, greatly fimilitated by this simple and effec- 
tive preliminary method. 

Sands derive from volcanic rocks and from other igneous 
masses freqnentiy contain magnetite, which can be easily picked 
out by the magneti Even olivine has been recorded as forming 
whole beds of sand, which in the future may produce an anomal- 
ous and stratified deposit of serpeptine. It most be remembered, 
howevmr, tirnt evtn in common sands the particles are not 
neosssarily homeg^eous, many of tiiem being the relics of rodc- 
fiagments rathw than sim]^ minerab. I&y pebbles of irem- 
b(UMid sandstopi^ of quartntei' of ohert, or of the matrix of old 
^ ^i7a(iiiv,voL*xzix,a 
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highly silicated lavaa, are common among the constituents of 
sands. 

In tlie field, the striitifioation of fine sands is often worthy of 
study, and current-shedding is a very common feature. Owing 
to the yielding nature of the deposit^ local contortions sometimes 
occur Uirough the pressure or slip of beds above. The bleaching 
of ferruginous sands by vegetation can be characteristically 
observed upon any sandy heath. 

U. The outlines of sand>grains can be well studied inictO' 
scopically in water, a coverglass being pressed down upon the 
preparation. But the grains should always bo examined as a 
preliminary by refiected light, being simply scattered on an 
ojiaque can! and brought under the microscope. If much 
surface-coating is present, it may be necessary to treat the 
[Articles with dilute warm acid in order to render them clean 
and transparent for subsequent observations. 

The of the grains, quite apart the qii«ition of 

rounding, resolve themselves into some three gioups: — (o) 
ordinary granules, irregular or spheroidal ; (6) rod-like bodies, 
sometimes seen to be well preserved and well terminated crystal- 
line prisms ; and (e) platy forms, commonly with very irregular 
boundariea 

Every worker should be acquainted with the already classic 
address by 0r. Sorby,* delivered to the Geological Society in 
1880, whi^ abounds in practical suggestions, ss well as in results 
of the widest interest The present remarks relating to frag- 
mental rocks are naturally based largely on the oWrvations 
then put forward. 

Thus 0r. Sorby notes that the difference between granules 
and platy forms, not always to be determined by focussing the 
instrument on various parts of the surface, may be seen by 
pressing the cover^lass above the {Hniicles mounted in water. 
The granules roll over and thus show changes of form ; while 
the little plates glide along, rotating only parallel to the plane 
of the glass slip. 

Polarised light aids greatly in such observations ; for s series 
of coloured rings or rones, which are fairly parallel to tiio out- 
line, i^>pears if a grain is present, since it beromes thicker from 
the Burgin inwsrda Platy forms commonly show simiisr rings 
at their frayed edges ; bat the central area rives a uniform 
colour, hetng bounded above and below by {taraUel sur&oes. 

degiie oi ronndiiig of the grains must be studied by 

* Jown* OeoL Soc.t vol xxsri. (ISfiO), Proo., p. 46. See also 
Mtmp Miermup. Jemm., 1877 ; Anniv. AddraM. 
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transmitted and reflected light. Mr. Sorby, in comparing one 
sand with another, uses sieves that separate grains for examina' 
tion having a diameter of about y^th of an inch. The finer the 
grains, the less the degree of rounding; and it U obvious that 
very cleavable or friable materials will be incapable of comparison 
with such substances as quartz. Thus some constituents become 
quickly reduced to minute particles, and thereafter suffer little 
physical change ; others exist as minute crystals in the rock from 
which the sand is derived, and these may retain their forms 
through a very long series of natural triturations. 

t)r. Sorby and Air. J. A. Phillips* have pointed out that the 
most rounded and polished grains are found in sand accumulated 
on land-surfaces, as in deserts. Thus some of the Bunter sands of 
Lancsisbirc aiul Cheshire “How between the lingers as readily as 
shot,” and were very probably blown against one another in some 
Triassic desert. The process even here must continue for a con- 
siderable time, since the ordinary drifted sands of seorside dunes 
show little rounding ; while it would be difficult to find ai^Lrallel 
among the polished sands of modern de^rts for the remarkably 
smooth and globular constituents of the Triassic “millet-seed 
sands.’* Where, then, the majority of medium-sized grains in a 
sand are strikingly rounded, the deposit has been formed by 
leolian agency, or by rivers bringing down such materials from 
the land. 

It must be borne in mind that the more heterogeneous the 
constituents of a sand, the nearer it is likely to be to the place 
of origin of the materials. But any sand may have been cemented 
into a sandstone, and again broken down into a sand, in several 
gfM)logical periods, and denudation combined with earth-move- 
ments may have long since removed the rocks of which its grains 
were original constituents. On our own southern shores it is 
most interesting to reflect on the mingling together of granitic 
quartz, and of Triassic, Portlandian, Cretaceous, and Oligocene 
sands, to form later sandstones which will be assigned to the 
opening of the human period. 

The grains of quartz that compose so large a part of ordinary 
iands, when cleaned from their superficial coatings, show on alh 
fence of prismatic forms and cleavage-surfaces, and are generally 
pitted and covered with small grooves, when seen by reflected 
light By transmitted light the strings of liquid-enclosures, 
characteristio of rocks that have at one time been deep-seated, 
frequently become visible. At other times, relics of glass that 

* “On the oonstitation and history of grits and sandstooea.** Qaailt 
/oiint. Oiat voL zxzviL (1881), p 12. 
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bu isirtiddtl into the gnun point to its haTing existed fn e 
voleanic magma. Hie depoaition of erjatala open the graina 
viil be treatM of ander the head of nndatone (p. 193). 

The hr%ht oolonra of the qnarte in polariaed light, ranning in 
aonee that rue towards fonr^tm^ colours at the centre^ serte 
to pick out the grannba among dnUer and heterogeaeona material. 

Particiea of are comparatively rare, even in the finer, 
materials of flint gravels i though in some sands thw oontribnte 
by their abondance to the dark colonr of the mass.* The chin 
are tyfdcally angular and small, and 'show with crossed hic^ 
a minutely granular stmoture, the grey speckled eflect being 
oonst^t during rotation, and the whole never becoming ex- 
tinguished at m same time. Fartudes of white flint may be 
seen In some gravels by reflected li^t, end may be pldied out 
and tested with adds. Some of these show traces of the structure 
of dliceons spon^ (sand of Cfaipitead, dso) Others result merely 
from the alteration of fragments of originally black 

/V£q||iv give generdly rounded grains, which are almost 
opaquem water, and are^ if large, not very transliioent in hal- 
earn. By reflect^ %bt they apMr milk-wht^ or brownish or 
pinkish-retL These elects of earay decomj^tion are veiy char 
acteristic^ although clearer example^ even uowiim related twin- 
ning, occur near the place of origin of many sanda It must 
be remembered that a prismatic doubly-refracting |date thinner 
towards one edge than the other will give with crossed niools a 
series of coloured bands, which may aimulate twin-lamelle; but 
the oolonn will not be alternately oomplemmitary, but will rise 
in the order of Newton’s scale as they recede from the thin edge. 

The J/tcdS show flat irregular pUtes, the edm descend^ 
in minute steps, owing to the deavage. But for this indication, 
the deavage is not noticeable, dnoe the plates will not stand up 
edgewise in the preparstion. This fon^ Is important also in 
observing pleoehroism, linoe the almost uniaxial character 
common dai^ foica pieveliti ^e change cf tint from appearing 
in biMl flakes. The lustroua mrfoces of the micas enable them 


to be detected in the dry smid by reflected light 
AwfkiboUi PyriwnM give more or leH prismatic frag- 
ment^ with si^ tA deavage and a foirly rob^ appeaianoa 
Hm of the frarmm'gmp aids in ifo reoogni^ 

oecnrs cAen sands dddved 

darir^t 

lAI. 4«pa#!> *’0n the O i u BS i md led al the bass cl the 
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oeonrriiig in the rererae position to Uist of hoinUende— is., 
perpendiouUr to Ute longer nxis of prismstio forms. 

jSropfMtvte if opaque black, merging into tiie broim of the 
** ironstone” grains that are also freqnent in sands* Hiese 
opaque brovn grains often consist of the materid^ such as 
/fmmitte, by a^ieh the sand may nltimately be cement^ 

Kw^ gives in water, on pressure of Uie oov^r-glass, tinr ^tj 
partioles and much excessively fine dust In water or balsam 
the doubly*re6aoting cfamucter enables the mystals to be picked 
out from we mere amorphous or minutely divided mud. Opaque 
white by reflected light 

G^/aucofitts, the green silicate that forms in hollows of foramin- 
ifera, Im., Is granular, the grains being commonly oompwed of 
smaller ones, and retaining in many cases some trace of the fonn 
of the fbramimferal chambers in which they first consolidated. 
Odionr darie green to gieen-black by reflect light; by trans> 
mitted lightearthy to clear green, yellow-green or brown-green. A 
very common soft constituent of the greener beds of mnd in all for- 
ittati(ms(iee Clarke, BvJl, U,S, Gtai, ^'um, Ko. 330, ISOS^P* ^^1)> 
The heavy minerals that appear on separation from the bulk 
of the oonstitnents of a sand are mostly iron ores, tourmaline, 
nrcon, and rutile. Hr. Allan Dick found in a bed ^ the Lower 
Bagshots at Hampstead about 3 per cent by weight of these 
constituents. ZWcfm exhibits colourless strongly refracting ovoid 
or prismatic rods, the prisms being freq^nently terminated by 
only slightly abraded planes of the pyramid. Endoeures of rod- 
like crystals may be seen within the zircons. Rutile appears as 
orange-brown grannies or prisms, the oharacteristie beart^haped 
or genicnlated twins being occasionally present The ontlmes 
of tiie forma m very biMk, owing to the exceptionally high 
refractive index.* 

Finally, the rook*fragments that may ooonr in sand, eren on 
a very rainuto soal^ must be considered apart firom the pure 
minenls ; bat their (^udy is beset with difficnltiea, and specimens 
fitom the coarsest varieties of the sand-beds can done give satia- 
fimtory indications. 

These may be studied by mbtuDg 
qp witii ti|s finnrs or a stiff brhsh (not by cUsbin^) until the 
UtoiTiduid oon^tuenta are released. The cementing matter 
must be examined chemicallt^.in numy eases the deavage-sur- 
ham d p^dto can be seen gleamipg brtween the grains, whudt 
tmo^iime^ i^ee^ set in ojdiitio crystals of the 
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Btrjtes oecuhi in Bome oateSi and silica ia ofmunoii. Bark tr«a 
oxides cement sandstones at times in bands and patches, and 
‘Casts of foasUs, Uiough lost in the rook, will be found oooa* 
sionally present in time oonsolidated pi^ of it, 

In the KHsalled ** osystalline janditones,’' known in Britain, 
through Uieir occurrence in the Permian, the grains show 
crystah&oets of guarti^ ^^7 odatser oases with the 

lens. Mr. Sorby diow^ bow these crystals rosnlted from the 
deposition of sUioa upon original rounded grains, the interstioes 
between them becoi^g filled wiUi this clear seooncfairy 
quarts. 

n. This question recrives eren greater interest firom the sf^U- 
cation of the inicrooM^ If the grains thus coated with ^oeted 
quarts are treated with add to remove Umonite, Ac., the origitud 
internal gotip becomes visible by transmitt^ light, and the 
secondary ^posit is found to be in optics! continuity witii the 
original qnaiix, being in fact a restoration or perfecting of the 
abided grannie. At times only the first signs snch crystals 
appear on the surfaces of ordinary grains, showing as bright little 
pyramids when reflected light is used. It has been suggested, 
on the other hand, that some grains become conroded by solution 
of the surface after the consolidation of the sandstoUe. 

Shonid the original grains be completely enveloped in new 
qnsrtz and their independent outlines lost, it ia evident that the 
union of the oOats belonging to adjacent grains will take place 
along irregular surfeoes, and a number of interlocking granules 
will appear in section, each giving a uniform tint between crossed 
nioola Such a stmciore is characteristic of the quartzites about 
to be discussed. 

Sections of conaolidateci grits and sandstones, are partieutarly 
valuable for the study of cementing materials. Oaleite, or 
sra^nitei is sometimes deposited in fibres between the giains; 
in o^er cases a chaloedonic cement has resulted from the 
solution of spicules of sponges scattered through tiie ssnfit'b^, 
tlm easts of which, or of ^eir tubule^* still remaiit This matter 
will be again referred to under chert 

Prof. Bonney * has remarked on the Iwrity of ^leedoay as 
a cemmitiiig msierml among the otderroeks. It is quite poMibIs 
th^ a slow passage into the eondition of quarts takes plaee, 
and the eontinnonsly cryskallina appearance of the granules ^ 
ordinaiy quartsite beoomes^ihus finally set up, 

Tht^^ginous cement of many dark |iifl sandstones and 
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'^oirrtoiies,” lik^ MTUiii' la/era in the Foikestdo^ Sends, is 
almost ojpaque in seotwn^ 

In gmB the oonstitaenta can be ea8ily:^^8tmlted in section; 
the felspars often appei^ pnomiiientl j, as in n^||i Mnled clow 
against^ a granitoid or^^iaifeio* area. The Torrid^^ Sandstone 
ot li. Wi Gotland Uffr fiite %am^e. (FW>ntiapidee, fig. fi, and 
p. xiii.) The dkarta fragmento* are^fieqnenttj dw 

between orosaed^nmfila to be oempoun<^ being in fisci qilirtzitos 
and derived firom^M-existing <Ktnsolidated sandstones. The" close 
examination ol/^%ock^>ln^entB to coarse grits gives ^ike a 
very lair idea of ^he nature of the land-suriaoe over wbi<^ the 
denuding and Irii^uporting agents wort[ed. We most remambrr, 
however, that ^limestones and clays go to powder readily, jmd 
are only ftebly^rs^esented in these final accnmnlations. ' " 

In an old wrisuiio dutrtot, the oonselidated gritei^ml gnvels, 
seen to section, give one very valoable information as to the 
rodcs that weie^ first attadeed by denudation. Thus the glassy 
scorisoeons snrfiires of lava-streams become eariy broken np and 
rednoed to fe^e sOUs and, in the tro^ncs, to red hanra of 
‘'laterite'*; but in the gritty accumuU^ons of the riven that 
flowed throu^ the vol^smic area we find rolled firsgmknts Of 
these suriaoes preserved in considerable abandance^ 

There is often, considerable difficulty in deriding as to whether 
fraginanta of lava, occarring in a sandstone, point to oontem- 
poraneons volcanic action. A rock may not be an dbtoal tuff, and 
yet may derive much of its materials ftom adjacent tufib, whiefa 
were formed, ]Mrbiq)S, only a few days before ito own period ol a^ 
cumnlation, Jpbre the microscope aids ns in estimating toe rela- 
tive antiquity cl toe igneous fragments. Their dMpree ot irpshn^ 
partioulariy when the/consist of pumio^ons glass, Deoamea aimeiul 
guide. .. Where, however, they are minute and shred^like, we must^ 
remember toal^tofi explosive action which produced them, altoo^ 
t^ycontempoitoieoua, may have occurred a- hundred mties dir sd 
fipom toe site ofifto sandstone in which toey sie embedded. 

tomdbtmies ft^iged dose against a mass of granite^ or similaf 
plutonic rock, j^ay sometimes close^imitate the ^lioous ma^* 
esperialto wfae0|j|een to section. ^ finegintoM ‘^iarkoto ”’ 
prodneea under conations contakis all toe minefnli of the 
^epus rook, and fitted into one another^bj^toe pres- 

sum of overlying ii9L But b^ remembmed that the 
fewHnagaesian iain|n!ds> toe micM toto so f^^ of the mri^nal ^^ 
jneoos rtoks tyse tbat dovelope fii^ a^ secure toe^ 
<manutdri8tic ontoaes* Here, however, in toe recomtoueted 
rock or arkets^ toiy sa 
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pfteii Jw erniM tnui^ vd folded mpi Uw moro ro4at|ig 
jg^idiuolqiurttoiia ^ 

, .,,QiaiWit.--l. A of Iw 

.M to tiiQ qwrli) abd 

^.^nutiitp; >ajk iU fiMbbc 

f o prodw^ of mitdteiDid pottdo^ . jm <>f demo 

..m^locjtliif Mn iiTOfiilarrOOiKti quitiitOii 

..pn tito odbir .|pH^ d^Hood^^l^vO 

fdaap^ o|tf trooil^^ 
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M Wluld foiocilic wttUia^oni Iuitb 

deiiTod tbdr joi^ srea^ 

1. 1<*“^ eMflybitaidk an 

9 f MMi ai««to Mid often 

or <^denb||sfbH«; an and 

ymygddcddal^^l^'raMMitt ^ Bi^ la^as. 

Spbercodal bcHilMSlnpKinate^m 4 a twisted 

wpj tfp»t eoloto^ aiciimallyB nuij^li^wiL Hie gioandamss 
18 formed of dmilar InBaBer fom dttd^ and the 

whole becomes in dUer exatti|l^ at fotm^ oeiamit^ together as 
a oondomeiat^ the joinbnlii^ Imctfdiig the indnded blocks 
and we binding^ matodu i dik s^ Hie great wedhered johit- 
lurfooes of eoeh ibeli git rdtiahla for stsidr in the flel^^' as 
the mater^ of oompodtion and bargees stand out on 

them didinotlf from one another, and sectlmis mre in additioii 
vfoviM ci the bomhi and otiher deeted bloDfoa ^Eotehes must 
be made on the ppot^ as iils irawis^ fo adaqni^ 


itratified dqioaUa and tliiWn ont 
the aatoaqratnit partfeidMlv then tiie erntdiim was anb- 
aiaHii^ an wilitlitttraited wiUi At mdltt. We mav 

ac esae^ Jitdr^ ftdtta ^ dale to be eeem in the 
Uo^andw^JSnilMlwronOadevidtia. .■ - ■•:•,. 

Toft and ,«dftfc^ The Aflb i^ ao often aiteied nm after 
att^ idiydniiio;n|po|#§1d^ 

'^^dhthbl - ..... .•* ’ 

•cedaoeone 

ofthdiiei^ 


w»«v« r,ind mther 

to 
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Th« iaer sshoi fbnn very «HBpaot beds that reqntm ^ 
miorosoope for their detomunatioiL In many, partiealarlj when 
nread out by water, tiiere is Uie most delioate stratiflostum, and 
the older varieties resemldo grey or greenish slates. Ooli- 
eretionary lumps may be formed in them, timnlating at ftnt 
sight the fingn^ts in a tQ£ 

H The smy td& and ashes xindw the inieioaooi|e is of 
immense intm^ owing to the various types of v^eanio roek 
that are found thns thrown together. An abnndanoe of gl^y 
particles, often in mere tiireds or otm^mdal wisps, <foaraotwiios 
the grMUkdmass in moat oaSee. Bven in aneimit enmple^ the 
forms of these remain striking^ ^^)ar6nt (fig. The larger 
^Inmps most be oempared wiu their Te|weMntatives among the 
lavas, bat a jneponderanoe of glassy ty^ au^ be expected. 



Rg. Andetite-ta ff $ Bmdi atur : ^ 

x lA Racnmati oi vmioil lavsa^moie or 


orwtali aa7 fas eompaetid iatentilfol adi. a. Coii^acS andatiteor 
f mtMi fliymali of tdipar, probably dmod from tho 


boMlriag op' ^ pmtioo.* Mitio aid 

pis PiotieaoBg oM vHidBim fmgiMom ^ 

In fine cmmpaeled aahea it may be tmo 
leetiim the Toienafo origin of llm m bat nmimmkipnmpmB 

mmhe mmtad inbalsam fikoeands, when amixlo«wdjff«Bi^opa 
chanr ibmsifta iod srystals of varfoim eenstitomria li ei p 
Miff/ Tii& «>%• MMrtkmrnmA 

to ipU oilfifiMMA fiNw & ^ Jirltoff 
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of Bodi recent msteriiiis enooarages one to ccfp9 with vetj 
dubious ** sUtes ” sod indurated Ms which maj prore to be of 
Tolcaaio 

The mmmds derelope^ by secondary action in tnfll and asb< 
beds s^dom obsenre tiie stnu^ore when the mierosoope is used. 
Kren fluor-spar arises at times ; and the Titreoiis maUer bfjcomes 
commomly utered to greenish softer products, when basic in 
character, or to anisottopio granular areas when mote b^hly 
silio^ed. The form of the wisps and shreds of s^ass ii^ howerer, 
well preserred, even in some ashes of ancient date. 

A brecoiated lava may often bo distii^ished foom a toff by 
the adjacent Iragments bring clearly broken apart from one 
another, reins of new minerals or crashed nmteriala filling the 
gap. lATas may often pick np fragments of their own cooled 
surfaces or of bra orer which they pass, and the microscope 
must prore the continuity and formerly fused character of tiieir 
matrix before they can hi well distin^shed firom tufls. Pro- 
ducts of crystallisation from the fused mass, such as sphemlites, 
will in such oas^ often be seen round the included frag- 
ments, and the edges of the fregmeiffo may show signs of 
reroelting, or of secondary crystalUs^on. (See p. 99.) 

Fine-grained ashes, again, may pass into tme sedimentary 
deposits through being aocnmulated under water or by the flow 
of rain-fioods down we sides of the volcano. Microscopic 
evidence will hint at tiiia mingling of material, but such sugges- 
tions must be worked out folly in the field. 

Finally, the materials of any one deposit are likely to give 
only a limited notion of tiie nature of a particular eruption, or of 
the ro(^ extruded, since a stftiog of a very complete character 
may go on in the air, the eompaot^ lava-firainents foiling nearer 
the volcanic centre, the crystais embedded in vesicular gira bring 
carried fivtiier, and the fine pumice being deposited to form con- 
siderable dust-beds si a distance of el^ several mUes. 


III. Outs axd fiBALss. 

1 The plastio nature to days when freshbf eoUeoied, and 
timtr eii^ MOiOity when diy, the coi suriace appearing 
are riiaiubters known to every paid. Any cban^ of oolOur should 
be iioM ht A deeper beds ere approached, fi>r tiie 

BUM>ioifi& of eheratlon hgngs over most brown ria^ The 
reo rikMm mottied clayii * seem due to the fotroducUon 

ef IM-erifo ^ caicareofis matM Into 
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<^7 (*1*^ ^ 

knofn w deyii eo^ iwlwtitto 
gn^ llHqBiUtiM«r^uM<^M»dpM^i^ 

l(h^mi of 

38 mr pm Mi ^IhL aiovliw ^ 

UMf odii&t ji^mort ef }mll^ 

eoMier witor, tu^givtt ionii li^iof Ihe irnxm^i^ 

oly,lfam*to«lbbTOto<f^TritfMmt>rt^^ 

-Us {mow ife now iamwwd hotow la 

waior,,wKm lamlt dowa4iiay lo mid, WU 

mbo violierilMlaiiiy ftvaj (M^ p. 110. %poatod 
ia a lim4 ^ ml mtvo all (NKiiiix |nu^^iOM% 
m^tMhitigpmnA^dlu l^w^datowfllowilil 

of dM oowiw taidf w^aiti^ iroa pyxitoi^ ^ 

Mb, mdi w oatoai0rtMw 

deliwla if&Mo M sto^iiw i^am lb«b aaxboo vhoa btgor 
alielb hava l^af oattrelj hrotai ap W aalml dr artUbial 
prMMiM.* Aqifto laodorato aiamal wvaew, w jaa 
of iH^ioa of dio atad coatod otnwilimt agilM oao 
aoo^, awbli Mr daaaaaig; tbo M am^ at a aiMaid, 
may bo deoaaled off timmik mdUi la wtao caoW M dlk b 


lUiiii tr^ totalled, ttaj bo doteelod by tkob pardal 68b»> 
Tflteonoo with ^droebbrio aekl, dit orlaofitafe^M 
tareofoarboiMof Kaioioadiiy botrajiof bwE ’ 

TiWt, oa iho dte lai^ an xooagabaldo bf M iMilnO' 
portioa^^^iiiatlw, bMUo atid^dr-rj^pf Mad 
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SIDIMESTART ROCKS. 


The spedfio gravity is genersUv miber under thni of oeldtei 
inrobnblj owing to porosity and impuHtiei. Some oompaet 
varietift gire only 3*^ while the dol<^itee ran up to about 3*89. 
Varieties with much ani|on]te will gire 8*8. With hot arid 
all wieties eflerresoe fir^y. The ordinary limestones do so 
when a drop of sold acid is laid upon them. 

Meigen’s test will distinguidt aragonite in these rocks from 
oalrite^ while Lemberg's t^ will mark out calrite from any 
dolomite tibmt may be fnwsent (see p. 86). 

The residues after solution (see p. 120) are often of eztr^e 
interest. Smid-grauui are of ooune common, with glaooonii^ 
tremolite, fiakee of mica, ko. But in many cases sUirilled organic 
structures may appear ; and in the Gsrboniferons limestones 
donbly tmminsled quarto crystals fauTe been frequently noted, 
eontainiim impuririesfrom the limestone^ in which they haTO been 
developed aftw its oonsolidatioB. Mr. E. Wethered has found 
these, in the CSifton limestones, formed round detrital sand- 
grains, jnst as Uie secondary quarto is deposited in the sandstones 
already described.* Planes of laminatioQ,. though they may 
be quite apparent^ as in sbme Tyrol dolomit^ do not necessarily 
form eai^ planes separation. The distmci vertical joint^ 
passing down through many feet of strata, giv^ with the heading- 
plonea, the well known bloric-like character to exposed limestone 
Buriao^ and tend to perpetuate the terraced cliffi so frimiliar in 
the fiel^ In the hand, compact limestones break through with 
a clean fracture in almost any direction, the surfrces produced 
trimming being eonchoidal in those of the finest grain. 

Dr. Sorl^ observes that the fissile character of riie Btonesfield 
*'s]ate” is due to laniinm from the shells of Otfna and bnriuopoda. 
Another point brought out by his extended series of stndiss and 
eomparismist is the frequent oocamnoe<^ small rolled fragments 
earikr be^ of Mmestone in those of kter omolkbition. 
CmierettODS rilica (fiint and riiert)^ and the r^laoement of 
whole beds by psendomoirpldo action, are cdtomon leUdres of 
limestmies of every agn riiaraeter of tim produris of such 
action wiU be dismmaed in the seventh division of tint rimpter. 
The imes of macks in limestones, and the snr&eet of lioilowt 


mad oavau, will be ccsniiionly mund ooaled wito stiwetitio erusto, 
•Hen ^m^deBcaqy. Ks^r depoti|km uumi kavs^ tw4^ io., 
ftomySiyqontottti^ oariMmate of gives traveiilue 
or toe intri^paoM beomi^|pg finally filled up 

fi^vri xBv. (188^ 

dddrm^ WtL Onsri. w xxxv., p. 66. 
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with calctt^ and the whole mass consolidated into a limestone 
showing v^etable impressions. 

8h^ LlmestoilB find ChaUL->*The modem representatives 
tiiese rocks are found in our sheU'banks, in the white accumu- 
lations of fresh-water shells in lake-floors (commonly styled 
^^shelUmarr), and in calcareous ooses of deep seas. Seeing 
tiuty aa G. Rose has idiown, followed by Sorby, Comi^and 
Kendall,* there are numerous oiganiams that construct shells 
of aragonite, while other shells consist of calcite, and yet others 
of layers of both these minends, we must exp^ to find both 
forms of carbonate of lime in association, instability of 
aragonite, however, gires rise to pseudomorphs in cr^nlar 
caloite, or to the total removal of the shells originally built up 
bj it. Hence calcite becomes the prevalent constituent of con- 
solidated limestones. In judging of the fituna to be found in 
these rooks, allowance mu^ be made for the solubility of Uie 
aragonite shelly and search must be made for impression i 
and casts. Urns poroeilanona forammifera,t the skeletons of 
corala, many Uipeilibranchs^ and moat gastropods, may be 
absent from permeable rocks in which they once existed in 
abundance. Messrs. Cornish and Kendall show how below the 
saturation-level such shells may be preserved, though m a 
crumbling condition, while in the beds through which the water 
actually flows they become entirely removed, the caldte shells 
being also affected along well-markm lines of flow. 

L In the field the shells should be looked for upon weathered 
surfimes, or uponHie marked bedding-planes of the rock. Many 
■lab-like mstteH semn unproductive nntil split open parallel to 
the stratification. Car^iu ohiselUng away, after oolle^on, with 
a small cliisel or a blunt kni£»-end, and stWdy cautious fidedon 
with a tooth-brash, dry or under water, will reward the worker 
who has dme for the development of choice q»edmena Oalcite 
shells have a somewhat transparent appearance in small fhig* 
meiili; anyonite shellt are more poroellanous and dull, a^ 
$eraich itc/aos of a ealcUe cryttaL /Hie remarkably 
uniform mystaUisation of the caldte in eehinodermal rsmiHn^ 
whe^er te^*i|dneB, calyxes, arms, rtf stems, enables one to 
pick out these bodiSB upon ffuctured surfaces limsstone. The 
eddte idesTsges are ooatinuous throughout each ** ossicle,’* us 
may readily he seen in the tests of the numerous echinoidea ol 

* For other references see 

Ook aidl littia 

tftoWss, *'0 b Sponge 8ptouh% ko.,* Jmtrn* lU €M. Soe, irMO, voL 

vli, > - 
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thoChtlk orm the olOiitaiitoiw 

■trooinra^ like tke tko or 

fawttod ittrikooi of /n^ psuwi i^ citt hi nIaiiMfciriIrtiriilly rMg 
bM on foq^ |C ^|iiiii«cM tihi 

MOi is oirboMitr «f iwih<lit% 1 wwiMt^ «l| i» mnii 
snoommon. ■>‘: 

!L Whgo ihiH w in 

qoimrMi of iMnOftiOtti ftso ito^ Uio iiliiwi^ 
maiml fiir oicoM ^ Iho 

oimiiaisii iMt^^ Mil bo 

haidtotlioiolid1^fP«iB^Mo|»eei^ Ybii8diufoM» 

at m te^^lluir frmmrn t \f Ibo Of 
cbamben and muoM of domod llii&^villod Obdolar 
aoetioiia. !nioilMiiahQfddlMi4tfltt]g84ae^aa^ 
anre to oom w^dl ]^b0ttn^«|l^ ooflai& l^m isd 

moal tko tno ioMm of liio dioi^M 
ihmm UiionmAftfma, HkoadbrnfirOf^ 
teaqiaiinl Ikao II# etlptfooiia |B«d 1^ %coavi^ 

man; wd oooamiittj Ibr wMUwljr ftliipt iMaiBi bl 
ff^MQli of ^iooiroMi# o o ol l o «i d IM^ 
wiM& ^aDi#oaf|l«l^lMN)lcn ip and vaiie^ at la a mo^ 
bag nndor a fbwii# the foMiidftni iip noniltimw ho 
extnelid aoikl» aadM bo nilMiiilod m If Un^ ipfo jarl of a 
modem ooaa. B/ rihhiag vipi a a M abito 

mod it prodneed, oMeli iSowt abmadanl oooooliUMi^ bBto ifcoie of 
exiatipg oeaa when examiiMid a i4b«di or |4iidi poi#r» 
Th# p itwam of atpa m fioa it nidn«#If podlRioad tti 

the iao dolrifaif mod lo he ooHislid ii (lie hefii 
me nt i. ((SC OIll#Baa| iVia€MiUm^ 

B io to a of oIm 0X0 >j no mo a oi moro b^ 
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indheOB not AvailMe, be of service In det^ninioe (be (me 
ib^npofil^ 

^ (bo foesijb fiUin# tliiir onviliet is 

mnd fmiu^ or 

dblliieto w|y|^ his ginuliially developecL 

Sltt^ ^ nuimte orTiSyt even in ^^nary 

e be a s t te p»iqi|dtiitibi^ w oocarrenee of ve1b4eveie{»ed grannies 
Im efaatedterktie tapB of elMvaga and iwintiii^;, 

mas( ttfifb be tnl^en ivideaee e£ extreme metemftfi>Iiimniy>nt 
ratber ae tW nstnnl fetemMnimeat tsi emisoli^tion tbe 

»a«k 0. dgik 1 and 3.) : 

Cfltl H it a e iU wae i* — Scattered ornfals oomr in many shelly 
limeatondof bnt oecasionBlly^ the branehii^ or astnsan types 
bi^ np reeflike masses among ordinsfy sediments, endosing 
^ eeinl4^ ieoitmidated on their flanfciy^^ together with 
ttiiy remaiiis <d tiie orgraknu of the mctemai sea, mtese coral 
IhheBtcw aan be vw stndied in polished snr&oes, which 
olt^ by eoblvimm^^ ocdoia^ show more than thin sectioni, in 
which we crystals of oaleit^ in the n^ls m well as in the 
iiit«nrtioe% obsonre the (Mnitsness ui the oatlines. (PL I., 
fig.^ . 

In tinal-lhnesUHie^ the aragmte of the ^eletona or of the 
oemenilng material passes rsadUy into ealcite, while dolomi^ 
isatton may fitrtiier obscure the onginal stmcturea. (Compare 
Smitit on p. 206, and **l>olomi& ol Tyrol,” Qua^ Jowm. 

Lliwiftweg ibnnitf 

snch as #n/Wwsdnr ^ and Zdikefkaimiim (oaloite], oon> 
^bule very largAy to the mandte rock known aa coraUime- 
st^ and tomethaes form ihd^wndent leefor In hi^hasard 
ssettM Jfosfr ebngaied oella, Sn rows one above the othe^ may 
be tafom p struetares. The £ltho> 

#the"?leiiaa.b£dn ate an e^ 

<fo^ TMtiiig the fintnamed 

bhjsse w mevelp a >pe^ yai^y of uie sewii^ these rooks 
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In pisolitio Jim^Atonet these bodies are irrenlarly ellipeoida] 
and often fiattenec^ and er^ resemble tbm nummulites in 
some muunplea 

Hm ofditio grains fonsid among Uie modem qond-reelb of the 
West indies, or in the gio«i^$aIt L^e of Utah, and atndiei hj 
De la Beche,^ Sorby, ^ others, are doob^ees oamparable to 
the oompoumts of the oolitio rocks Uiat oocnr aamg tiie 
formations of all agea 

In the majonty m eases, tiie material depositedds antsontte, 
vhidi has altered to oaloite in the “fcnsil ” epEamples. Herr Q. 
Linek^s observatimia on this point are of spedal interest, and 
sirmigly support the new that oolitio straoture has a simple 
inorganic origin. (^. MM, /to* ** ifm., dc., Beilage Band xri, 
1903, p. 509). 

It may h^pen that the original structure of a limestone b 
entirely des^yed by oiystallisatioD. Even ^en its former 
character may be detected in tbe cbert- bands that developed 
at an early period in the mass. Urns the chert of the As^nt 
limestone at Stronechmbie, Sutherland, preserves in the most 
exqnisito m inner the oolitic structore that doubtless cmee pre- 
vailed throughout considerable masses. 

, IL In section the oolitic grains show a delicate ooneentrio 
itmctore, wltii ooeaafonally, in addition, a radial grouping of, 
the components. The cent^ ovoid nucleus is large in 
proportion to the grain, and is a fosgment of some fossi], 
a foraminifer, a ss^*gi«tn, dr, my commonly, a rounded 
detrital lump of Kmestone-mud on whirii the concentric layers 
have aecumnlated. Many sections of the grains show no 
norieus, ihe central portion not being isidnd^ in the thickness 
of the slide. 

Ifr. EL Wetoeredt has noticed that the grskis of certain 
pea'grita.and o<ditis abound towards the extsrior in convoluted 
tubdar marHagt. Such d^icato tubes are also clearly seen 
in sections of the West Indian grtini. They hare since been 
shown to be, in MHue cases, due to the borings of alge, indi 
as penetrate many sheila. (See Quark Jaum, CM* Soe*^ vol. 
xlvk, p. 367, and Bomet and Elahault, BulL Soc, Bcfunignc 
de Fitmtki %* xzxvL, p. 147; also Ifolnr^ vol xliii. p. 185.) It 


* €MogM Ch mttr , SimI edlOoii, p. to 6 ; Q. K. GdberL ^*lake Bpoiie. 
Jfosqmuplt U (kok dbrv., & 109; Bothplet^abstiiet hi ifwei 
yoArk>tirM»i».,l896,Bd,i,^397;^ . 

t fM, ifotf., p. ti6j also Mfi. /oera. (3heh dba, vol and 
vuL U4 p IN; mma mk Om. vd. sir*, p N; and TeaB, 

** Juiaaitoltok^^ vohb., dhd ffokcd Xj^ iss » p P 



Plate I. 

LIMESTONES. 


[To S9U p. 8M. 



Fig; 3, Fig. 4. 


1, — Recent UmestCHie, mth foraminifera, calcareous al^, shell- 
frasmenU, and crystals of olivine and augite derived from volcanic 
roGAi^.the whole united by a spioolar cement. Mer, Mxirray la., Torres 
StraitA. X J1 

Kg. g.— Cerboui&rona Limeatone, with fdraminifera and fragments of 
aheUa and erinoid-stema. Co. Oarlow. x 12. 

Fiff. 3.-~])evonian Limeatone, ahoidng septa of coral and infilling of 
crysUwtne oaloite. Newton Abbott S. I)evon. x 9. . 

Fig. 4.-~Juraaaio Limestone, showing oolitic graina and oryatalline 
cement. Tronvilie, France, x 12. 
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it improbable thai fillfi>rm alg» originate oolitic grains in any 
cate, though their adhedon may aid farther deposition of 
palcinm carbonate. 

Spheroidal calcareous deposits occur in some springs, 
ara^ite globules being thus formed at Carlsbad. These 
in section appear rather more nniform in structure thmi the 
ordinary oolitic grains. 

With crossed nicols oolitic grains give a black cross, due either 
to a tangential or radial arrangement of the constituent prisms. 
If we can ascertain by ordinary tests that we are dealing with 
calcite or with aragonite^ the direction of Yibration for the histest 
ray in the components, as giyeu by the quartz wedge, will suffice 
to show in which dire^ion the longer axes of the little prisms 
point (see 156). Thus on pushing in the wedge at 45* to the 
Wbrauon-j^anes of the nicols, the oolitic gnun will be divided into 
fonr oolonred sectors shading into one another. If compensation 
occurs in the two sectors which lie along the longer direction of 
the wedge, the vibration-directions of the fastest rays are radial; 
if in the sectors that lie across, they are tangential. Hence we 
conclude as to the relations of the prisms to the spheroidal 
aggregate, when the grain, as is nsually the case, consists of 
calcium carbonate. 

But the common ellipsoidal type of grain g^ves us a quicker 
mode €i determining this interesting point. To this matter 
reference has been already made when tmtmg of aggregate 
polarisation (p. 149). If the eiliptioal section is set upright or 
horisontal in the field, the arms of the black crora are parallel to 
the vibration-plsnu of the niools ; if the grain is built of r^ial 
prisms, the cross is undisturbed on rotation of the stage ; on 
the oUier hand, the components lie tangentially, as is so commonly 
tiie case, the aims iqiproaidi and recede from one another during 
rotation. 

Mr. Soiby has shown how oolitio grains reciystalUse wiihin, 
and form aggr^^ates of mdoite granules, all striioture but the 
outer form being losh The mins, probably from their being 
origh^y oomposed of aragonite, easily become altei^, and are 
often stuned iron>red in section, or are black irith pseudo- 
morphio infiltrations, while the groundmass of calcite granules 
lemak&s clear. The oolitic ironstones of Cleveland and Nortii- 
ampton, v^ere the gndns eofnsist of carbonate and oude of iron, 
have been shown to resuli from the alteratum of ordinary oolitic 

llBSestona* 

Sil^ plays some part, teiwever, in this series of dimoksl 
ehanges. On treating waeh ironstones with hydrochloric ari^ 
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marked ott brok^ surlkcee, end ike mode of deppeiiion oen 
be eleerly apprecieied from tkia atnioture. 

l^TeniiM^ oonneting of carbonate of lime depoaited upon 
iwiga^ lear^ &«;, in 8toetm% often oontains relioe of 
maiter, or ^te it iucb materialB appear when the oonecNUdated 
mam^ia broken open. Mr. Sorby obeer?ed that even in irave^ 
tine the little c^te cryetaU were sometimes deposited with 
their {oinoipal axes perpendicolar to the twigs round which they 
fonnesL Imvertines are ebaraoteristicaUy pale in eolonr, being 
opaque white, brownish-giey, or slightly ^gra widi orange where 
iron oxides are more abnn&nt 

The aboTe deposita must be distinguished by the use of acid 
from the rarer Imt parallel silioeoas forms, sinoe the friidnlity of 
many silkeoos santers prevmrts the estimation of their harduess 
with the knife. 

SOieeonB 81nter.-»Thia is the deposit of stone geysers and hot 
qnings^ and often fums pure white fragile crusts aiw stslagmitk 
aocnmolatioiiB of amorphons silica. By slow changes these pass 
into ehaloedoiiic tym The siHoeons sinter of geyserobasins hu 
been stated to be deposited moat r^idly where algn are present 
in the water, and to be due to a direct action of Uiese sign 
(Weed, iftnlh dan. Btport U*S, 6‘sdilL Suro^ p. C50). 

Tho eolonr of dnter p ass es into gm, fiunt brown» or even 
pink, as in the famous tenraees of Ksw gfealand, now dmtroyed. 

6|psani(Alabister).— L TfaisrockisalBogansnlly white, with 
a compact stroctore, semi-trsn^iarmit^ and reaemUi^ some pare 
erystsiluie limestones. The glancing snifeces of the calette 
dmvagee in the lattor are represented m sSme coamr al^nsiers 
by the dinopmaeddal {dates of the csystals; bat as a 

the mass is more compact Tko harness Is <mly 3^ and the 
thamb>naii thus dktingaiues the two types of rodt. white 

powdoy sarfiuws of gypsam when strodt by the hamtner re- 
semble those of erystaUum limestcne. 

The ^eeific is another exceHmU test| being only abont 

3*31 Thb rock dom not ^Eerrsiee witkaoida In the Md tibe 
whiteness sf the rock, aa it ^mears in bosses throo|^ the soil, or 
gleams high np among monntsin-masset is a Isatare tktilb attraets 
attention at a di^mwe eYcn of ntUea The oomiNuptirs polity 
of mssdve ^imupceTsnfetlmwsatlMred ammeeslironi heaw 

era siyf^ are gnuniiar and 

from the 
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BOOOBiit of the mineral on p. 75. Oa solution in water, an 
earthy and often ferruginous residue is left, which maj repay 
examination. 

Some ironstones should be pUu^ here, being earthy brown 
deposits formed by the oxidation of the dissolved salts of iron 
in the waten o( lalces or bogs. ^ 


VII. SXOBIQATITI AND PSBUDOMOBPBIC BoOKS. 

ConcretionBry ZdittOStiHieB may be expected in the form 

of nodular manes in calcareous clays, often septaiiform-^ie., 
cracked up subsequently and recemented by infiltrations of crys- 
talline minerals. Fossils should be looked for in such nodules^ 
since they may there be well preserved; often, indeed, they havo 
given rise to the concretion by supplying a centre of the same 
material as that in process of s^i^ation. 

The fimt that the lines of bedding pass through concretions, 
and are not thrust aside by their growth, shows that the action 
cements tf^ther the particles of the rock with a new material, 
or actually replaces them by a pseudomorphio product of segre- 
gation. 

Co&e-ln-cone Stniotare. — ^Tbis is a fiurly common structure in 
rocks composed ot carbonates, and, indeed, in any material 
oi 4 >able of radial fibrous crystallisation. The material seems to 
consist of a number of funnel-shaped forms fitting into one 
another, some of the i;^ulting compound cones havii^ their 
apices dovnwurds, and some upwards, in the same bed of rock. 
Under the microscope, films of dai'k imparities oan be seen 
between ^e successive crystalline “ fiinuels ” composing the com- 
pound odib. The whole stiucture appears to result from fibrous 
crystallisation, and a struggle to get rid of the impurities amid 
wmob the crystals are developing. (See Gresley, ChoL Atag.y 
1887, p. 17 jUole, iftn., Mag,^ vol. x„ p. 136; Bonney« voL 
xi., p. 24 ; Reis, Munich, 1903, p. 167, 

who urges that tibe impurities come into place on the »dution of 
the m-ystalline material ; and Matveeff, Trav. Soe, mp, not St, 
PeitrAonrgt voL xli,, 1910, p. 221.) 

Irottito&es. L Many eonoretions consist of brown cli^ 
ironitoiie, which effervesces with hot hydrochloric acid, the 
solutitm becoming coloured a strong yellow. Th^ nodules 
GoniistHxf carbonate' of iron with brown oxide rusts. “ Black- 
band” is a variety rich in cmrbonaoeous matter. Iron- 
stems* vary frequently result from the pseudomorj^iosul of 
some ordinary alimentary rook, tbou^ some arise from de- 
li 
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position ^s Iwg iron ore, aitlwl l)y tvw'terwl action, And otberA 
ire roerely cemented sandstones. 

By the breaking up of concretionary carbonate of iron, oon- 
centric coats of limonite are formed in succession around each 
original centre ; where the rock is split up into ouboidal blocks 
by jointing, each block on being broken open reveals towards the 
centre sections of concentric spheroidal surfiMSee, marked brown 
by the hydrated oxide, which is a stable product insoluble in 
water. As these sarfaces approach the joint-planes, they con- 
form more to them, and the outermoat cost is often box-like and 
well consolidated, protecting the interior from further action. 
Concretionary layers of limonite, with no apparent connexion 
with joint-planes, may be found in many sands, and serve 
to protect fossils that might otherwise have been entirely 
dissolved. 

The “pisoUtic” iron-ores {more commonly “oolitic,” on 
account of the small sire of the grains) offer some points 
of difficulty. Some appear to owe their structure to con- 
cretionary action set up at the time of deposition of the 
ore^ others as certainly to the pseudomoiy>tKMis of calcareous 
oolite. The tropical ironstones and lateritei, formed by sub- 
aerial decay on a great variety of rocks, have lieen the subject of 
much discussion (see especially Muff, “Oeol. B. African Protec- 
torate,'’ Colonial Reports, Xo. 45, 1908, p, 50). In our older 
examples, such as the black ironstone of Tremadoc, a dehydration 
has t^en place, and the rock resembles a heavy compact^ shale, 
the tpeciBc gravity readily calling attention to it The powder is 
attracted by the magnet. TheuoHtic gmnulesare stilt reco^sable. 

U Concretions of siderite show a cry Ital line granular char- 
acter (see p. ISO). The oxidation and hydration of the iron- 
stones make them fairly opsque. The “ pisoUtio “Varieties 
of Wales show green oolitic grains full of granules of magnetite, 
the groondmau being almost opi^ue. The green colour may be 
due to silicate of iron, since a siliceous skeleton is left behind 
after boiling the grains in acid.* 

FUnt i&d Cbe^ — I. These terms can be used synonymoiuly 
for the concretions and beds of chalcedonic and amorphous silica 
found so fi^oently in limestones and sandy rocka The ohar- 
acieniticmly nniform and often concholdal inrface of fracture, the 
aemi-trantparency of fragments, and the hardness ( «• 7), are use- 
ful features in determination. Acids, moreover, have no effect. 

Nodular flints and obert-bands are found to follow the lines of 
•tratiflcation of the rocks in which they occur. They may also 

*Oole and denniofi, “Tbs northern stMes <d Ghdsr Idria“ Quart 
Oeot. 8oc,t roL xlv. 0^89), p. 4m Van Hire end Lsiu (on 
Gncoelite), U.H. OtM. Hurt., M<m, Hi., pf, mund 16G. 
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be looked for in tabular” forms alonfj planes of jointing or 
faulting. In the Chalk the white exterior of the flints is due to 
porosity on a microscopic scale, caused by the removal of tlie 
more soluble part of the chalcedonic silica (see p. 2U). The 
white powder found in hollows within flints is worth examining 
for sponge-spicules or siUcifled foraminifera. 

With the unaided eye, duller white patches are often seen in 
cherts and flints, which are the residue of chalk-mud, or of fossil 
formi, mainly sponges, about which the segregation has taken 
jdace. Fossils may be included without change, casts being 
formed of them, or their calcareons substance may be partly 
or wholly stUcified, like the corals of the Portlandian in the 
west of England. In the Carboniferous limestone whole beds 
of chert occur, in which the fossils (encrinite stems, d^c.) are 
represented by mere empty moulds, having been dissolved 
away subsequently to the paeudomorphic replacement of the 
groundmass by chalcedonic silica. By treating some of the 
remaining shells with acid, a partial replacement may sometimes 
l>e found to have occurred, as in the 7noccrawi(a-lragraent8 in 
the Challc 

Wiiile the actual chert-substance often appears homogeneous 
with the lens, in many cases opaque r rod-like bodies can be 
detected, and these are sometimes built up into the regular 
mesh work of a siliceous sponge. In Ohalk-flints the former 
spiciilar structure is often represented by a red-brown pseudo- 
morph consisting of hydrated iron oxide, looking at the first 
glance like a mere stain running across the fractur^ surface. 

The cherts of the Hythe sandstones of Surrey and of the Upper 
Greensand of the Isle of Wight are full of casts of spicules easily 
discernible with the lens. Many of the former include sand- 
grains anoglauconite to an extent that makes them referable to 
" sandstone with siliceous cement^ In some cherts, radiolaria 
are preserved, showing as minute dull white or grey spots on the 
fractured surface. 

We have already seen, in discussing limestones, how original 
stmetures, lost in the mass of the rock, may be preserved in the 
cherts, which thus acquire additional importance; The actual 
origin of chert has been much dUoussed ; but there can^^ little 
doubt that its frequent occurrence accounts for the absence in 
older rocks of the siliceous skeletons of radiolaria, sponges, and 
diatoms, such as abound in existing waters. The relation of the 
cherts in any formation to such traces of these organisms as 
remain is a matter of considerable interest. 

The compact white silioeons rocks of Arkansas, called “ Nova> 
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cuiitcs, ” anl wsf il a*s wljctstonos, may l>o allied to lliiit rallicv 
tl'.aii to >^amlsttmr. (Siv UutU y, (Juor(. Journ. (UoL ►Soe., vol. 1., 
p 377. i Much ” Lydian Stone ' or - Lyditc ’ it black chert. 

11. Mioiv^copic sections show minutely crystalline and inoio 
cranular silica often in the same slide, the crossed nicol.s proving 
that the uencral structure is ehalc<*< Ionic, The polarisation' 
streets are thus speckiv, the genend tints <if the field Ijoing grey 
during rotation. Dr, Hinde * has dew rilxjd globules of colloid 
silica, al>out 02 mm. in diameter {which from tlieir forms are 
not silicifitnl coci'olith::), oct urring in many of the sponge IkhIs 
that he has ciamme<l. The chalceiiony also produces globular 
aggregates, giving hlack crosae,s hetweiMi the nicola The spicules 
• if spofigt's are rarelv prt*servt\l as colloid silica, but sometimes 
remaiti as aggregates of the little globules, Cbalcedonic silica 
partly or wholly replaces them, and fi-etjuently glouconite fills 
the ra rials and is left as a east after their complete removal. 
Soiuftirnes tlio spicule it -elf i,s replaces I l»y glauconite. iJadio- 
laria mav l>e prcsAUit, r'fteri as inerts colourless circular areas of 
chalcfHfliuiy. hut showing, in fortunate sect ions, their reticulated 
nu -h, or an inner gloU* siipj>orttsl within an outer one. 

Idle traces of foraniiiiifera, shell fragments, and indnsl all the 
struct 11 re of the adjueent limestone. preserve<i in rhah'^** Ionic 
silicii, as may U* -ren in seetiutis of ej*rtain Hints, are giKsI 
evidence of the aotstal pseudomorpliosis lirat has (xruiTed, The 
section shoulfl lie ebsaned from Lals^un atid treaUsI witli arid to 
prove that the walls of tlse foramitiifera, have lw*eti trnlv 
leplaenl bv 

SimilariV, the i>oUtic -tniciure may U* o-en in Hint, and must 
not U* nii-takioi for the •-ntlinc'i ••! unirellnlar organisms. 
Pfaosphatic Concretions and Phospbatlsed Limestones hav« 
totuhfMl on in division V. of this i.bapter. 

VI 11. VKOKT.vntK DF.eOStTS. 

If we ex elude anthracite, the < baratters of the coals that serve 
readily in their recognition xire their very low' s|rfvifie gravity, 
tlieir hardne-'-i of almiit 2, and their eoinhustihility. 

Brown coal is a lignilie eoal. sometimes laminated, of a warm 
brown colour, It i', sertiie and Sometimes elayeV, atid doi s not 
soil the fingers. 

Common coal needs no de.scription as to external characters. Its 

• “On tjcdn 'i( Mptmge remaini in the south ol Kngltnth” Phil. Tron*., 

part ii., IHaS, p. 427t and plate 40. 
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N|jtrilic gravity is a)M>ut 1*2<S, and it in also scctile^ In some 
btMis small black 4U‘ brown disc-like Isxiies can l)c scon pirtjcctin;' 
f 1 * 011 ! the fractured surfac-es, and lyinij in the planes of beddinj^. 
I’hese are the compressed inacrosjKn’es (if the lycopodiaeeous 
plants that flourished in the Cartioniforous jx^riod, and apfx'ai 
in microscopic sections, t iken across the iKKlding, os transparent 
orange ellipti(»l structures, while the opaque carbonaceous 
groundniosB is full of Kiinilariy coloured remnants of minuter 
sj Kites. When cut parallel to the bedding, the circular form 
(tf tlie macrospores is seen. 

Anthracite lias a nuire brilliant lustre, does not soil the fingers, 
is more brittle, and lias a specific gravity near 1*4 and up to iis 
much as 1*7. Its hardness may reach even 5, and it is diflicult 
to hum before the blowpi|x*. 

To study the organic remains that have given rise to coals, 
we must examine the adjacent shales and sandstones, where the 
plants have been more isolated and not matted together into an 
inciistinguishahle mass. Similarly leaf'beds are not the best 
preservers of fossil leaves; but exquisite examples may be found 
in the same series of de^iosits by a search among the underlying 
or overlying muds. 

Diatomaceous deposits arc friahlo liglit-colourod masses found 
in some lakes and also formed, in less purity, upon sea-floors, 
d'lie delicate frustules of the diatoms, transparent and without 
cfTcct on polarised liglit, must be studied niicrosoopioally with 
iiigh powtTH. Til'* riK'k, it may U? noted, does not cflervesce 
with acids. Kossil deposits of tliis kind arc rare, through the 
destruction of the fruslules by B(dution. 

Wo hav(! referred on p. 203 to the (calcareous di^posits formed 
by corallines (nul I i pore- deposits), and on p[). 204 and 20l5 to the 
possible direct algal origin of oolitic limestone and siliceous 
sinter. 


IX. Mixed Coarse Fragmental Dei»osits. 

Gravels, Pebble-Gravels, and Conglomerates. — The remarks 
mode on grits and sandstones are applicable to these coarser 
locks. The size of the constituent rock-fragmenis should be 
ascertained, as well os the degree of rounding. Considerable 
variety in the nature of the constituents is to be expected in 
these accumulations iii mountain-streams or on coarse beaches, 
since the materials have travelled a comparatively short dis- 
tance, and the weaker members have been often fortunately 
preserved from further trituration. Thus the nn^nificeat 
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Nftgelduh ROCumuUtiooB th»t tiooompaiued the earlier deyelc^ 
ment of the Alpine chain contain a rkdi itore of rocks from the 
ridges then raised above the sea, some of the most interesting 
beds being composed of pebbles compact gnr limestone. 
The red conglomerates, again, that fringe the K Devon coast 
preserve for ns aboodant relies of the vdcnnoes that were bnilt 
ttp around Dartmoor in early Meeoioic times, of which in most 
cases only the deep-seated portions rmnidn tn ntv. (Compare 
«g. 44.) 

The alteration of rocks in loose mvels easily permeable by 
water often makes collecting aasatismetory, and warns one that 
the solid old conglomerates may not always tell ui the whole 
truth. Thus on the Surrey Downs white soft bodies occur in 
late Tertiary gravels; these resemble chalk and can readily 
be nsed for writing on a bisckboatd. But they contain no 
appreciable quantity of calcium carbonate, and are in reality 
completely broken down flint pebbles, rendered opaque ^hit^ 
like the suHsces of flints in chiuk, by the dissolving away of a 
larm amount of ailica.* 

limestons pebblea of considerable aiie may undergo solution 
in permeable grarels, leaving only light and porous clayey 
residues, which fall to pieces when pressed between the Angers. 

The examination of rock-f rag menu in these coarse accumula- 
tions, in the hope of obtaining fou its, requires {uUience, but is 
in the end a fretful study. The flinU so widely scattered in 
Britain contain abundant casU of Cretaceous fossils, thus 
proving their origin; and the Silurian forms in the Triassic 
pebble-beds of Budletgh Salterton hare been the subject of 
memorable investigationa 

The nature of the cementing material of conglomeratea is 
always of interest, and the pr^ucUou of hard rocks by the 
deposition of calcium carbonate, or by the oxidation of disiolved 
salU of iron, in recent gravels is well known to workers among 
our glsrial or our beach depociu. Such rocks, following Mr. 
Lxmpinghs suggestion, t may conveniently be called Oftlolcrete 
and ferricrets respectively. 

• J. W. Judd, hrxK, Ota, Amc., voL x. <1887), p 217 ; W. J. 8oIIm, 
** ravfisnd Cave.” H. AtUhrop, Inti,, Huxley Msu. Leciare, 1918, p. 30., 

iOtoL ifap., 1902, p. 875. Mr. Lsffl|dttgh writes '*oskarsU”{ Frof. 
Bonoey pcskjfs cakkrete. 
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CHAPTER XIX. 

IGKEOUB EOOK8. 

Tuk study of the igneous rocks has become unfortunaielj so 
involved in the question of their nomencUture, that it is 
impossible to give an outline of the characters employed in their 
discrimination without a statement of the sense in which each 
particular name is used. All these names represent groups of 
rocks graduating into one another. When a rock is on the 
border line between two groups, whether in structure or mineral 
oonstitution, we most be content to say so, without attemptiug to 
disguise natural facts by our classification. Petrography has of 
late suffered from the introduction of an abundance of new terms, 
and, what is far worse, of old terms dehned in new senses; but 
the nmjority of these can be avoided by the use of familiar adjec- 
tives or mineral prefixes, to the great lightening of the science,* 

All workers will agree that it is of ^vantage to use certain 
broad general names for the rock-types ordinarily met with. 
How far definition should go beyond this band in band with 
chemical analysis is a matter open to discussion. To the majority 
of geologists, the precise chemical com|H>sitiou of a rock, and 
especially of a rock-8|>ecimen, can never seem more than the result 
of local accidente. The tracing out of these accidents, in order 
to gain an idea of the history of the mass, is of coarse enormously 
facilitated by a series of analyses of well chosen material. Here 
til a field-observer at once possesses his great sdvant«^e. He 
ooilecta from all portions of the mass in question, notes its 
variation from point to point, observes any tendency to segi^egs- 
tion that may have occurred during cooling, and reconciles a[>- 
pearances and structures that would have seemed contradictory in 
isolated s[)ccimens. (See Teall, Natural Scimce^ vol. i., p. 297.) 

Next to the variations in the mass itself, come its relations to 
its surroundings, and here the geological agents conspire t^in 
aud again to baffle the observer. On searcoasts the We 
cxpf^sures occasionally equal in clearness the well-known text- 

* On the cla<«!0o4itioQ of igneous rocks, see A. Holmes, Owl, Afo^., 1917, 
p, lift; LcswiuBSon- Lessing, *‘Stttdien Uber die ^ptivgesteine,” Cimptt 
rendii, Cosgr^i iN^emcU., St. Petersbourg, 1S97, pp, 193-464 ; and, front 

the ohemit^ point of view. Cross, Iddings, Pirssoh, and Washington, 
Croan^co/ion of /pneows j^odb, Chicago, 1903, and R. A, Iwya 
very useful *' Average chemical competitions of igneous rW-types,** Ptoc, 
Amer« Acad. ArU and Set., voU xlv. (1910), p. 2U. 



L«ook ; but on ur tht* bi^h taluMii alcove 

tbcin, the junctions of an igneous rock with other uiaaies aro 
exceedingly likely U) be obMured. The differenof’ of hardneAs 
and c«»nsistency that couunonly exists tends^ uionjover, to 
faulted junctions where igneous rocks abut on sedimentary ; 
breccias of tbe latter or of both anae^ and the intrusive veins or 
the products of conUct^mt UunorphUm, which might have told so 
much, are disappointingly broken away and rendered usvles-s 
This perhaps makes the search ainong our older areas tbf’ rnure 
aWrbingj but un^uestioDably study should iTummenci' smong 
Tertiary volcanoes, where denudation has e\{»osed the varhius 
masses without destroying their continuity imd connexions. 

Although th»* actual margin, tlm selvage, of an igneous rock is 
likely to W much decompti^sed, yet >pecimrna ah »u)d always l>o 
collecled from it, since here lies t»f(en the only rhanre of ofitain- 
iug glassy or partly glassy products. As we jiass inwards, the 
more crystalline types of rock are met with At the same time 
the specific gravity of our samples rises ; and that of the mo>t 
crystalline type will givt* a fair notion of the silica-fMTcentagr of 
the mass. Here we must be on the look out for the included 
foreign masses that often occur in crystallit e rocks. If such 
patches are numerous, we must take them into account when 
discussing the composition of the igneous mass. It will lio 
interesting to trace how far the igneotis rock has liecoma 
modified by the complete al>sorption of foreign matter as it 
moved forward. It is highly probable that the igneous r^ioka of 
the inner layers of the earth's crust are ol simpler €■ imposition 
than thoee that we meet with in the outer layers, and that the 
latter owe many of their characters to repeated intermixture. 
Quartx rock, orthoclase-rock, Ac., are admissible as simple types 
of igneous rock. Iron nicknl r<Kk, a still simpler type, is alrcaily 
familiar to us in meteorites. 

Igneous rocks may be broadly divided Into holocrystallino on 
the one hand, and {^tlr or wholly glassjr types on tbo other. 
They cannot be classified according to their mode of occurrence, 
since a thin dyke, cooling quickly through the contact^rocks, nisy 
reproduce all the features of a glassy lava flow; while the central 
parts of a thick maaa of lava may liecotna ultimately holo* 
crystaliuM. It may reasfinably W concluded, however, that a 
coiurseJy crystidHoe stiecimen has c^ime from some source originally 
deep<^eated ; l»eyond this the appearance of hand'B}>ecimcns may 
bo Mceptive, since even the sooriaceons structure, often iniistod 
on as a character of lava-fiows, U again and again found in 
intrusive dieeU dykes. 

Of eotirse cases must occur where minute trace# of glaaer 
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matter reriiuiii wliich nin <prily l>y 'ieU.H U‘il in tiiifi Mrtiojis: no 
I lie other luiiiil, the romjinci and lava- like ;;ioundmaKS of Mime 
ro'*kB limy |miv« to U* coniidctcly rryntallini* under the micro- 
H'ojK^ liy Cotxiier B niethixl of llie exam i nation of a |>ow»lereil 
rot‘k under the microseojM*, the intimate strut tiire of the^Tound- 
maw* can often U* letter determinfHl tlian in a thin st*etinii, ilm 
IranBlud’iit und snmller f element** iMdiifr of mu rat! >«de<-l<*d. 

The further claw»ilii'aiioii rests on a eonihiimtioii of ininera)- 
o^iml and chemica! e<msit)erati»'ns The eomjitirison of analyses 
lia» keen immensely aidisi hy the work of the l-’nite<l States 
(iis»io;iieiiI Survey (se<* es|H'ci:dlv Xo. H, 

TJo.'h and Xo. ‘JP', 19<M ; also Ualv, o//. <:it. on p. 215> 

The broad names here used are those that seem I cst foundi d , 
and must uf them possess a historic attraction in addition. The 
divUiona I. and 11. refer aa before to megascopic and microscopic 
observAlioos respectively. 

A. Holocrystalline Rocks. 

I. Okanitk A.vt) Kl'kitk Group. 

These aie the typical acid holocrystalline rocks, there being 
an excess of silica, whicli manifests itself as free quartz, thougli 
often on a micros opic scale. 

Granite. Structure — (iranitic. Comiituents—\^ Quartz; 2, 
Orthoclase or Microcline; 3, Mica or Aniphiliole. Rarely 
pyroxene. Commonly roujc A 1 hi to or Oligoclase. 

*1. The clear glassy granules of the quartz, devoid of cleavage, 
are easily distinguished ; muscovite may Ik* present, though 
rarer than dark micaa ; the dull eilges of biotite crystals often 
resemble fibrous hornblende, but the lustre of the basal planes 
will easily serve to identify them. 

The prevalence of pota sin felspar may be determined by the 
flame test. The simple twinning of orthoclase will often be fully 
apparent on particular surfaces of the rock, and not on others, 
owing to the position adopted by the l.irgeand somewhat tabular 
crystals, whidi lie with their clinopinncoids in planes fairly 
parallel to one another. Oligoclase may always be expected, and 
tlie potaah>feU|}ar may contain much soda. 

Oravity . — Rather above 2 05. 

Typical Aaalym.^k. Doochwry Bridge, Co. PonegaL Haughton, 
fmM. R. t. AcaH.. vnl. xxtv. (1S71). p. 22<U 

B. Oready, Cornwall. Light and dark Miraa. J. A. Phillips, ^ar<. 
JoWK (M, .sir., vol. jTtvl tlH$0), p. 8, 

C. Sywa, Rgypt. With oligixlase, dark Mica, and some Hornblende. 
Bchseter, ISM^quotsd ia lath's Btitriige zur PtirograpAut 1869, p. ilvi. 
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11 While the gvnenU ^ppcRranon of the oonstituonU uudiT 
Uio nitero»co}»« U imgukr ia»i 
ellotnomorph iC| the feU|ien 
often preserve their priemetic 
form, end the micii and horn- 
htende show tUll better tiacea 
of liounding pUnee. The 
qnarU i«, however, granular, 
and commonljr aUmnda in 
liquid encioanret. The ground 
maj be compoaed of micropeg- 
matittc qoarta and felapv. 

Two Off three aecUont may 
be r^aired to determitie the 
relative proportiona of potaah- 
felspar and eoda-Utne varietiea. 
A aeries of rocks knowii 
familiarljr aa grmaitaa inoit be 
paned over to the quarts' 
dionCea, having iad^ hot tiule potash in their oompodlKm, 
together with e defidencj in Mem. Where raoscDvite is pr^etiti 
orthoclaae ine/ nalonUj be expec^ to be |Nwdoakiiianl 
Magnetite ia iwt cxmap^cuta. Zireoii and apatite are eotumon, 
aaaioefoiaofaarl/darMopaMotiA therodt; the minote prtanii 
of airBon are best seen wIk^ indoded in the toieea. I^phtnte and 
ganai art frMoeiit a oaeaao ri a a . Bjr altmtkm, toomatiiia and 
topataone in, the fonner repSadng variooi silieolet, and the laMar 
repraaaniing tnpartieolar toe feh^an. lfloor4paraiMlaeeoiidiu7 
qoarti, o4Wtt with good onUinei, acooaipany tnaae dtangaa. 

TarMia ( i fn an ifs. Qtaiigg mtru iitrtm naaiooLiiiL and 
with hiotlu or hornldandaL Thkii the*'^miiidte"of 0, Bom; 
Roaanhnaah, howofar, Mai ^^fnwdtUa” te isf hioltea^nrn^ 
Bat oMijak CL 


W 

gl-Qramle Ksm^ DehUn. 
M II h, Dark Mko, with detp 
hrowe mtrhss iedaded. m, 
MoMonte Nser the top of ths 
fiolii a kcugocksl Ihaiwl) •eo' 
tioe wes B o s^ Oirtwirlsss 
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ToURHAUKt^OHAMlTK.— Tbc stiialier coiititituenU l>ecome en- 
tirely replaced by tourmaline, bine or brown in Bection, and by 
tecondary qoarto, the porpbyritic felspars often remaining only 
slightly attacked. The Oomiab “ Loxulyanite ” is one variety 
of such altered granites, and <)aart£^k;borl-rock is a final stage. 

ORBiSBii is a somewhat onoommon ally of granite, in which 
felspar is absent Topar, however, abounds in the typical ruck 
&om Zinnwald, Saxony, and probably represents altered alaiQ> 
inous silicatea The other constituents are quarts and a pale 
mica, often a Utbia-bearing spedea. 

A PtiTX (Rets ; more correctly HaplitE] AtAsKiTEof Spurr, 
^OtA Ann, Rep, U.if, iSfwrcey, p. 189). — Practicjilly composed of 
quarts and ortboclase only. Commonly pale in colour and fine 
grained ; often micropegmatitic. Flakes of muscovite glimmer 
here and there. Occurs often aswetns in granite, and even forms 
ooasiderable rock*masses. The silica rises to st least 76 per cent 
GrsPBIC Oramitr (Peomatite of Haiir*).— The later and er- 
roneous extennon of HaUy's term to any coarse niusoovite-graniie 
occurring in veins neoessiutes a return to the descriptive name 
graphic granite/’ L 'I be 
rock U commonly a coarse 
aplite, mica occurring here 
and there in nests and bun- 
ches, being excluded from 
the {>arU that exhibit the 
typical stmeiure. To the 
eye the continuous cleav- 
ages ci the f«U|)ar are easily 
apparent, the quarts t»cing 
i^parenily in detached 
ftmgmenU resembling east- 
ern charaetert, emMded 
in the more opaque feU 
ipar(«ti 7 AMtr«). Sometimes 
b^-sitecimens of the rock 
eknve m if eompoeed mere> 
ly of coarsely developed fel- 
spar. Them often shows 
a mleroelme structure. 

ILTheMapar is usually 
mierodine, showing the 
erc ii tw inning (fig. Ifi, a); 
the seotion ^ould be 
Ihinlyirmuid. fhequarto 

* TWiM ds Mmknlogk^ 9ude Siit,, Umm iv., p. 436. 



SSw— a, Onmhie Granite. Veia in 
Stanner Ro(X, Hsiefordshlre. x 6. 
Rkoteoromtd, CiearqosrUi micie- 
chne with eharaefceristic twinning. 
6, MictepMinatltio intergrowth of 

n nanaMmartinKarite. Stanner 
, HerefMMire. x 160. JVioo^ 
er sw sd. The felspar U in a peaitHm 
of axtioctioo. Other odcropegma* 
titio areaa and Idspar oiystala Ue 
anend. 


220 


HOLCK'HTSTAULIXR ION ROUS ROCKS. 


ci*i>s.>oU nio%»U ap^H^am optioalljr continuous uvwr con 
sidcmble U^ing in tsct inteiyroirn in Ui^o crystAls with 

the ^Vl^Jvu■. The ho^ik like forms uf tlie quartz c«inn out 
distinctJy if the suiroanJing leUpar is placeti in a |>osition of 
extinction. 

Obbiculab (iRANiTK. — A rate form, in which the minerals 
SH' ^nmp^-d into UtUi crystalline splu Mida! sg^regates, usually 
coated outwardly with dark mica.* The relations of the spluT- 
ouUi part Ui the of the granite, and any facts bearing on 
tlu» origin of the stmeturv, should be caittfullj noted in the 
t‘;ehl. (S,ep 102.) 

Eoiite. — This name, given by d*Aubuis.vin t in 1819, seems to 
o>i( r admimMy l-v iU onginnl drhiatiou I ho hne-gniinrd and 
ci»fupat-t foniis of granite, known nunmonly in Kni^land os 
•• t^uarti-Frlsit.- " and on tin* Continettt as ■* M icrograiiulile/* 
“ (Quartz Por]>hyry, ’ Jkc. The old " (iif>tn»silf'X '' and most of tin- 
'‘i onujiact lVls[ani ' and “ hnnisume« com*- und^r niriie ^ 

also the Cornish “elvans* or “elvaniles.'’ ‘^Fidsite* is so 
loos<ely ilotimHl by itn originator, aiul i-i ?«» di /Terentiy used by 
different writers, that its reputation as a r>K'k name is Uuit. 

It must U'! rememU r»‘d iliat ili** “ijuarti porphyrira ' of tho 
<‘oi(tiotnt sr*‘ 111 largo |«rt altered rhyultUai; thoM* divisions 
d« s*nU d by K*t?gi'nbus*:h as *' niicrogranileH'* and ’* granophvri*s “ 
c»>rn'#pt>nd, howi*v(*r, to eiirite. 

Strtutnr<^ - KvsjcritiaUy in appearance, and micfte 

granitic with the lens. Commonly with |»orphyritic orthoclase 
and fjusrts f — Like granite. 

L Colour pob* as a rule, but ot*ra#f tonally deep grey or red* 
bn>an. Cotj»m‘*fily yellowish or pinkinji l»rown, or ipale gn-y. 
The knife scrstrht^ fresh sperimens with difftculty, and the most 
ounjKa* t vamrto'^ r» ‘ierniplo ibist. fin- joints are clean, and the 
surfaces often have hard white decompoaition crusU. Withont 
the microscope it is iiD[>oasible to sen^mte hand xpcci mens tif 
true eunU-s from acid lavas tliat have become holocrysialltoe by 
secondary deviirihcation. 

The porphyritic i^oaru that in so often seen is a good guide as 
U> the highly silicv^ms character of the rock. It somelimfsi 
occurs in welbbounded double pyramids with a short priiiu, ai 
in the rock of Auepdjerg in the Harz. Toumtaltne appeani 
w>n]etifnes in mdinl ncisu as a •McooiHlary pr*yt\tict. 

* Vof hn of Aij In*h risn,|,lp of thiwr r<*t k» mnrn K. H. Hatch, 

**(M Um nibtrriMd'Uariog gratiite of klolUglwlrrs/^ Jtmrm. (M, 

Stif., vd. ihr, flfWa). p, 5IS. ami (», A. J. Coir, t'r^r. H. fhiidinSac^ 

val. iT*fldUbp. 141. ’ 

t Traki Ovogntfti*, to»« i»., p 11*. 
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Sf)ecijlc (fVat'iVy. -About 2’ 05. 

Typical Afialy$es. — 'I'heorctically, every granite sboaid have 
iU correBpomiing curit^ The proportion of soda often links 
these rocks with the f|uarU ap}ianiies. 

A. Fine grained "Klvsn,*' Mdlanear, Cornwall. J. A. PhiHif»«, Qmrt, 
J >urn. Gtoi, Soc., vol. sxxi. (1875), p. IW. Mira. 

fi. (^oart* porf)hyry, TrilKirg, lUden. 0. M. Williams, Jahrb. 

P*r Min. Jsr., Ikolagp ikl. ii. (iks^), p. fM>9. 

C* SwU'KunU*. Llyn y Cader, Catler Mris. Holland, (^narf. Joum, 
QeU. Soc., 1889, p. 435. 
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matitii'. The quart/ and felspar are not unfrequently grouped 
ill microjioginatitu* ini*‘r:;rowtl)s nf Rj>h<*ritlitie fonu around the 
porphyritic crviuls (“ gr.iiiuplivre " o! liose bu'^ch) tig. 25,6. 
All stages Sj'pe.ir lo fxi't Itelwe^'n llu*S(‘ aggregations and 
spherulitri with rays com|)ose<l of crystalline fibres. Some 
types of altered hpherulites in dev it rifled lavas are, fi^in, in- 
distinguishable from these holocrysUlIine aggregates in the 
compscter eurites ; but, as a rule, the .structures are distinct 
C'areful observation will show that where such an aggregate- 
growth occurs round a quart/ crystal, the quartz of the 
micropegmatite is in optical continuity with that of the 
crystal. 

The porphyritic crystals, even of quarts, are often well 
bounded, ihnugli sometimes cracked and broken by movement^ 
or corrodeci by the molten ground. A Auidal .structure is 
occaaionaliy set up 

The feiTiv- magnesian constituent is commonly biotite, often 
giving wisp like yellowish sections. Muscovite occurs in many 
Cornish "elvans,*' and forms at times little faudike bunches; 
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but neither nittierel ii proinment^ and the rook baa a marked 
apHiie tendency. 

Vmri^itf of iPwri^e.— K uritb RICH IS Soda (Soda EuKiTr} 
TbU iucimlee very many of tbo mtoropo^^matitie tjpea above 
referred to ; many of the |>orubyritic felapart are aiUte or oligu- 
cla<e, and the rock m linked ^oa with tbe quarU^phanitei. 
Roeenbuacb’a ‘‘QuarU-Keratophyrea" come here. See analytia C. 

11 STisrrt akd Compact Stijuti Qrocp, 

The complete or almost complete abaenoe of ftee qaarta, and 
tbe predominanoc of ortbot lajOi are the dirtinotiTe ohanotert of 

this groupL 

Syemte (VV'emrr).^^!triietiifv^Qruutia Conatilaieiilf ^ li 
Oithoclare, or other poUah felspar; 3, Amphibole, Pyroxene 
(uaqtUy agirineh or kltca. Commonly lome qoarti; alao alUie 
or oligocla^ 

1 This rock is rare as compared with ^ramte and quarta- 
di' rite, and it most often be a matter of opinion aa to bow much 
qoana it penniaaible in a true syenite With tbe older writers 
tbe term was synonymous with born blende- granite. 

The Mica-Syeniiea (or ** Mioettes contain biotite, ofUn in 
Abundance, and the dsirk lostrons plates conceal the felspar in 
the fine-grained « arieuea, so that tbe Sametest or tbe microacope 
must be brought to h^r to diitinjruisb the rock from mioa^iorite. 

Spbene may often be recognised, occtirring as small bard 
yellow crystals. 

Speeifc (?roi!tfy.— About 2-75 or somewhat higher. 

TyyMxi/ Harablewle Hyemte, PUoeeMw'ber Grand, Dren^ 
dftt. WsAhutgit^m, Am, J, vot stti. (l9Q0b p 132. Average of 
ftMlyeee. Typt^-al rnck <rf \tVn»^r. 

B. Hon>bW.*ir ■ SyenrU?. FoUmmdoH, JSili»ia, 11 Trawba, ytu** 
JaArh.t 1991^ Rd. t.. p 312. Hprtilvr fravity, 2 Mt 

C. Kbmjite Idtcbmkl. Msiiio. BmU. V,8. (itoL Smrt,f Ko. 

Its, p £5. With tsic* and anrUliU^ 
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XL Similar to graoitei bat the qaartz must bo insimiflcsnt or 
tbsent In some cjum*# traces of jiyroxene remain, the hornblende 

having arisen by 



paramorpbic change; 
these residnal crystals 
appear as pale and 
usually greenish areas 
surrounded by in^ju- 
lar zones of horn- 
blende. Bocks COR' 
sUting entirely of 
angite and orthoclase, 
though certainly rare, 
must be claa^ as 
Augite-Syenite, and 
such masses probably 
underlie many tra- 
chytio Tolcanic areas, 
being altered into 
ordinary homblendk 


« , types by the time that 

Kig. 2A— ^jeoita Plaoaiincber Orund. Dret- * 1 ,-- ^ Mnnimd hr 
dr«. K$. AUrWihofobleoda o^OrthocUae. eipoi^ by 

Uirly prWiutii; in bidnt. 7, Afxttstory ioUsT* earth -movement and 
stitiu (|aarta. tp, Spheae, marked oat by its denudation, 
hifib refnetiva index uA lottoge • Zircon and sphene 

•***^®“' are particularly com- 


mon m syenites. 

KorfilMt qf 5yi1^.-~NKPBlUKl^TKHtTS (ElJBOLITK-SyENITB). 

1, The nepheline, in the coarse eleoHte form, resembles 
brownish or greemih quarts, but may be distinguished by tlic 
knife. The varieties with hornblende have behn called ** Foyaite** 
from Foya in Algarve, and those with mica Miascite from 
Hiaak in the Ui^; but tho well-known examples from the 
'Bamle area are rich in soda-pyroxene. Zircon is common, and 
iomii large yellow crvsials in the coarse btotite-nepheline-syeniie 
of litaak. Blue sodalite occurs in a Transylvsnian variety 
^ Ditroite **), and in a airniiar rock in the Ice River Valley, 
Oattidian Rmt Mountains. 

A type allicu to tbese rocks, but of distinctly basic character, 
has been described by Prot Lawimn as **Malignite*' Geol.^ 
Ump. 0 / Ca/(/brma, vol. t., p. 337); it consists of nepheline, 
ioda'pyrosene, and apatit^ with orthoclasc enclosing them 
oj^mcally. l^awson regards this rock as the plntonic repre- 
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MQtative uf th« leucititei of Vesuvius; iu boib the tilica !• 
about per cent. 

IL S^>iue pruciice, an*} tbu obacTvi^niiii u( the uniaxial 
fii^ure with convergent light, is neeiled (o detect the irregu- 
Iat grains of nepheiiue (el«oliW) iu granitic rocks. 

The feUpart often show a microcline structure and are 
■odic iyj>e*. Soda lime felspars are common. The ferro- 
magnesian silicates are interesting, l>eing, in addition to 
hiutite, furmi of sckia nmphibole and s^Kia- pyroxene, the former 
l>dng rich dark brown or green and highly plexrhndc, ap- 
pMa^ing arfved&onite, while the latter, distingutslitHl by 
itH cleavages, approaches a^girine, and U green and leas pleo- 
ohroac. 

Compact Syenite. — We mar use this name for the Sne-grained 

types corresponding to eurite, iu the alMuence of any well d^ finetl 
term. Tlie “ Orthophyre" of Coquand* comes partly her**, |«arf!fy 
with eurite ; also many ** fclsites.” Orth*>clase*|ioq>hyry ” has 
been used for porphyritic forma 

Sirurtur*, — Micnigranitic or microcryntalline. Stimetimea 
with fiorphyritic ortlioc!aj<i«L Cowafi/uenta— Like syonile, 

L The#!#* r*x'ks are difhcuU to distinguish fn»m eurite with the 
eye, tlioogh more yielding to the knife. Colour commoidy 
r»*«ldish or pukkish in the varieties rich in felspar. M«ny *' Mira- 
tntjrt " come here, which are dark with lustnms tiiirn , thrsv* are 
the c«‘D»pa*‘t« r “ Mi net tea,* and they paos into a group t*»o |HKir 
in liiica to be mcluded under Syenite This outlying group, 
with many of Hosenhu^h’s ** Vog^'nilcn (mc l#*dijwj, coinrs 
under the •• !4Unpropltyre4 " of th.v. autiior 

Speri^^ 6'rariiiy. — 2 7, hut higher in tlie varielirs rich in hint it*, 
and approach Tng 2 8. 

IL QuarU must b** carefully sought for and found praclicallr 
wanting The alteration of the feUpars in many examples, such 
as the compact mi'n syeniUig make* even microscopic deter- 
mination di^cnlt ; but th« flame teat will givf an idea of the 
amount of potash present. 

The aheence of free silica nrevenU the development of micro 
pegmatitic and the aocalhij *' gmnophyric iinii.lurea, such as 
are common in the eurites. 

The porphyritic ortb*jrlaae crystaK which are dmracuristie, 
often preaerve their ootlinea well 

H'nriHte* o/ f"ompnr( - Ib^s^ nbusch terms the varieties 

rich in soda *^KefatOf»hyfe.” Those with hornblende or pyroxene 
• 4ii /?acA(s, |$^7, P 6i 
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form liiH “V^ogcsitr, Vtiriuties with a MKpithoiil, 
iiU*! iKStwci'n felsfMitlu)i(i-«yt‘niU* iind plionolite, have l)w?n sty]e<l 
“ Tiijguaiti*." Tilt* in ii ml rock fnnii tlic Val Ficnimc 

ni‘ar Predazzo i« pttr|jhyriti<-, ami, though alU^red, shows its 
characteristic outliues. 


III. QuARTZ-PioniT* AND Quartz-Aphanitr Group. 

Til this group of very common rocks, often stylet I Granodiorites 
(pecker and Lindgrvn, 1^91 ), tjuartz Is present ; but the fact that 
the felspar is oHgoclasc or even labnulorite keeps the total silica- 
pvroentage lielow that of the granites. Tliey come thus at the 
luMt! of Prof. Judd s fnt^rrnrfliate /on^ofia JRfKks. 

(2ttftrt£'Dioiite. — •^truefuro-^ramtic. Corutiiiien/f — 1, Quartz; 
2, Plagioclase ; 3, Amphibole, Pyroxene, or Mica. 

1. An immense number of the ''granites'' of commerce come 
under this liead. The striation of the plagioclaae and the 
ahsence of the twinning of orthoclase are noticeable with the 
lens. Otherwise these rocks resemble granite. The <N>lour is 
generally grey, but red felspars may occur. The remarks made 
on the micH-sycniles apply equally to the 6ne-graine<l Mica- 
Dioriles, which mostly contain quartz. Dark-coloured quartz- 
mi I'adiorites from the neighbourhood of Brest have b<‘en named 
“ Kersanton," aftt*r a village BO-callt*<l, and Delesse employetl 
“ K^Tsantite " for varieties with amphibole or pyroxene in 
aildition to mica, the types occurring in the Vaag(‘s. 

“Tonalite” (vom Rath, after Monte Tonale in Western 
Tyrol) is a quartz-hiotite-diorite in which tho minerals are well 
developed, toe white felspar contrasting boldly with the dark 
hronze-ooloured mica. 

There it no doubt that masses of qnartz-dtorite arise as 
products of ail mixture where granite intrudes into more basic 
masses. Any pyroxene in the latter is tlien liable to recrystal- 
lise in the new joint rock as hornblende, 

Spv^c Ooeity, —Approaching 2‘85 or even 2*9. 

Topical dnn/yscs. -Tlie silica percentage has been commented 
cm above, those rocks falling short of the typical “ acid ” group. 

A. ** TiMjalitc,” Adsmello Range, Tyrol Vom lUth, Zeiisek. <L (Unt^k. 

0*ct, 1964, p. 267. Much Quarts. Both Hornblende and Biotite. 

B, Quarts- 1 Vrox one Iborite, VUdarthid, Tyrol, Teller A von Joha, 

d. QmL AMcAscHUtofl, 1662, p. 668. KosUiito and Aagite. 

T5 
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n. The microacopio of rtcur hens with 

pUgiocbae (oommoitlf t>ligoclt««) in place »f ortboclafev The 
gTPoter number of WMsalled ^^oombleo^e-grRniief ” must be 
pUuyd M quATUhorn blended iorite uiten vieved in iiection. 
Where the hornblende can be fthown to haTe ariien fmtu 
pjrtoxene, the rock* are aometimea claaaod aa ^ Epidiorito,’* and 
in iheae caaea the quart* U very likely of eeef>f)(Ury origin. The 
fibroo* irregoUr nature of the teoondarv ampbibole will ofli-u 
dUtinguiab epidiorite from true quarU du»rite> 

The iynical *‘epitiioriie«'' ihow a itetiUtoae atructure in 
jk-ctiou ; the felapar U granular the hornblende ia aometimn 
6brou» and actinolitio. aometimea alt^* granular. Itraidual 
jyroar-ne of paler colour may oc^r. 

Tboa|^ jiale augite may be e*|iecUnl in quarta<{iorite, in 
marked oontrait to the richly coloured amphibolea and micaa, 
yet rhombic OTroxene ia rare. 

Sphene and afuitite are omnmon ; and magnetite and ttUnic 
iron amnme importance aa the proportion of nilica diminiabeji. 

QiiaiU>Ap)uuitte.-~Thu aerie* tndudea aimoat all the oompad 
homblende^dioritea or Aphanitee of Hahy. See Aphanite. 

<Skn<c(i«ra'«Mtcregynm or mirmcryttaUine, the (elatiara 
lietng oocaaiooaily rod-ahiped and the atractom approaching 
ihak cd doMte. C e% i til i un i i —like qttarto»dioritft 
L The qiiarU may he barely vuuble, though widely dtaaetnin* 
ated. Dark mm 6broua Iwloiblciide, or abundant Sake* u( 
nka, may render the rock aimoat black, and in the hatid it may 
wHkMnam be mlaUkra for dolerite Many qoarUH^ihanitre 
ant uideed, altered doleriU**, and would he atyled hy rarioua 
aethon » diM^gnOned epidioritee " or **qtiafU-l»omblpiid«dia. 
Imm.” Hie nicaeeoai rarietirt Uidtim maaT fiwHTtained 
-Iwfwtitefc* ^ ^ 

H nifMMe Asd the imporlanl dlatingulaUng 
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mi&eraif, must be looked for. They maj be found in micro* 
pegmatitic intergrowths^ sometimes globular, as in the eurite^. 
Borne of the rocks styled “granophjre” must come over to this 
diTision. In the more basic types pyroxene is common* 

It is impossible to make any microscopic distinction between 
the quartzaphanites and many “finegrained quartrdiabases.'’ 
Tlie quartz in the Utter, however, is aoraetiroes clearly secondary, 
occurring in strings and veinules. 

IV. DioRiTi AifD Apranite Grodp. 

The supposed importance of dUtinguishing rorics containing 
amphibole from those containing pyroxene led to a double 
nomenclature in this group; but the corresponding lavas, the 
andesites, were for the most part investigated at a later period, 
and were arranged under one common name. The pyroxcnic 
“gabbros'^ and “doleritcs** pass, again and again, into amphibdic 
“diorites” and “aphanites " by pammorplnc changes, and these 
types cannot be legitimately divided. The limits of the group, 
however, must, as in other cases, l>e chemical rather riian purely 
mineralogical, and many “ hornblende-gabbros ” without olivine 
may have only 45 per cent, of silica, and are more basic than 
some members of the “olivine gabbro'* group (see Brogger, 
GfSieinr der Orot^uiit-Srt'i^, 1894, p. 93). 

Diorite (//oily,* quoted by d'Aubuisson in 1819, from 
“I dislinguiah," iudicatini; the distinctness of the typical minerals, 
hornblende and feUj»ar), Gabbro in part. — Granitic to 

ophitic. Constituents — 1. PlagiocU^e (commonly OligocUse or 
lAbradorite) ; % Amphibole, Pyroxene, or Mica, 

I. Quarts must be practically absent. Hornblende and biotite 
will commonly be found side by side; some quartzlesa “kerd 
santites" come here. The Oabbros ( Pyroxene- Diorites) contain 
augite or diallage, and sometimes enstatite (“Norites*’), these 
minerals often enclosing the prismatic felspars ophitically. The 
rock calletl “Gabbro ’ (twi Buck) or “Euphotide” (llatiy) con- 
sists typically of dUllage and plagioclase, and may be regarde<l 
as failing in tins group when it contains 50 per cent<. of silica nr 
more. The olivine which usually marks the baaio varieties is 
often diflicult to recognise in the field. 

The lime- 80 <U felspars of the pyroxane-dioritea (gahbros) easily 
become opaque and dull, passing into the saussuritic condition. 
Amphibole developes in the dudli^ which often becomes green, 
%a In the ornamental stone, “Verde di Corsica,** and in a 

* Tmitt th JfiV, 2. At. (1822), tome iv., p, 940. The rook was diiim- 
guishctl from lyetiita by Hatty <^y by its sntaller proportitm o( fdipar.'* 
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•imilBT gabbro imr Sbab Beiid«« parting inVu diallage^ the 
au::itf eoiuetiou'^s developt^i Uit' three seriee of ■chiUer^idBiiM 
that produce the dark iuetrous peeudo^hypt^relitcne ' vaheij. 
This was uaturaliy often d^riWil u kyjierttbeiie by the oUeT 
wrueri, so that the rochs called '* Hj}K)mhenite*' must uow be 
accepted with the utmcMt caution amt submitted to tukracupic 
testa A pyroaene dK>riU' passing iuUi the epidiorite” slate 
commonly shows |«tches of grey ‘green silky matter, due to the 
actinolitic amphilxilv. 

(HnaWlj/.— From about 9'SS to 30. 

AttfoifHi. -k. Hufobtc^e HmttU' OHMite. l/nshuiks Islsod, 
Alaska. HtlfrUwn.i, Hmii. r.S, OW Smrr , No. 19Sfl900h p. m 

B. Uorablvodc Aug)te>LOuftl«. Near l]K:bns<Umpf, SuthrrUiKl. lawli, 

Pttrof^fJkji, p. ‘JB5. 

C. i»»*'bfiLX SVluie Kirt* M'^unUin, Nrw V^trk. Sirj^rr, ffuB. (J.if, 

Sitrr., S'o P' 3$. labr*«icK’il»'^ sn^jitp, httrnlilnmlft. 
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11. Many hornhlcn l* and imvadmnt4r’^, wh* h lulmiiUed to the 
microscore, hsve to be banded over to the auariadioflte group. 
The conditions that prCMiure hornblende and quarts are to some 
extent similar, since neither mineral results experiotentally 
from mere dry fusion On theolh»'r hand, the pyrt>*eneAiorites 
are found free frcjim qnartx, and give nse to true diontes hr 
lAramorphic change. 

In the Pyroxene>Dioritei (Uabbrosj the jptagioolaae is uligo 
clasc or labradorue, frequently the Uiter. The laussttfiiic 
|»rodocta within the felspan ocaiaionally make the seetions dufi 
and nearly opaqu**. The |issmi^ from angite to dUltage msy 
lie noted, ana aafihtbnte apjtears on the edges of the altering 
pyrosenes, or apondically wtthm thorn A g^ deal of obli^tc 
ooeors between the eonsttiuenU ; this arises from tha altersUnu 
of the Isrriv magnesian mineraU. 
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Maj(netit« and tit&nic iron ore are prominently seen. Epidote 
it a common alteration-product In the diorites, owii^ to the large 
pro|)ortion of lime present (coin|)arfi fig. 29). 

Among the pyroxene-diorites the ophitic structure is common. 
The felspar is well bounded and lies at random in the field, and 
the pyroxene has aettled down round it, filling up the interstices, 
and forming crystals of considerable size. Thus the pyroxene 
Mreas will be found between crossed nicols to be optically con- 
tinuous over a large portion of the section, and the consistent 
<liri*ction of their cleav^es will point to the same conclusion. 
Though often called “ophitic plates,” it must be remembered 
that such developments of pyroxene occur in three dimensions 
and are not by the thickness of the slide. 

larte^ief q/* Diarite. — NBPHKH!fB-I)iOKiTR(EL^LiTK-DioKiTK, 
“ Thcralito” of Roseabusch). A rare rock corresj^onding to liie 



rig. 27. - Ahorwl Pyroxene Mica Pior- 
lie. .SUnner Rock, HerefonUInre. 

12. ap, Hexagonal and other 
notion* of apaiito included in the 
other mtDemU. h, Riotite. A, 
Green iibroua bf>mbtonde,occa«ioD- 
ally m well marke«l cryataU, de- 
veloping at the expense of augite. 
SHg Magnetite, p, riagio<-!Aje 
mit^ altered. In Ute centre of 
the field Is a pale oryatal of original 
Mgite, with recUa^Ur cleavage- 
oraoka Hornblende ia develo|ung 
in tiili by paramorphic change. 



Fig. 2?i. — GranuUr Pyrosenc- 
Pioritc. Near Huntly. Aber- 
dcco. 35. 5, Biotite. j/, 

fiarnet, notii'eable by its high 
refractive in<lex. /», Pl«gu»- 
cIam in irregular grains of 
ap|)rt>xiniatcly ct|ual sire, r./j, 
Rhombic pyroxene (by iicr- 
ithcne). 


nrphollne^yonitos ; thr deep^Uni reproseuUtive of the nephe- 

timvsndesitcs or “ tephritefi.” i 

Grakulab DtORtTK. — A number of ^epidiontes are granular, 
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M ile&cTtM under i)U »rU4tonte ; the feUpnr in tkeei* furmt * 
luuNuc, end U olWn n product of VeciyttRUiMtion. In Addition^ 
then- an' ume renierkAlile pyroxene^ioiitcs in which the iniu* 
ernls lure of gmnitUr form and onuiiuUI/ deer and freah in 
sections. The minerdi are^ perhapi, all of secondary origin, 
when tbete rocks are aasociai^, aa 4ay often are, with ^iata, 
The tiiinerais are eommonlr plagioeUse, green ntonociinic py- 
roxene, hypersthene or amblyategite; roagntitte, and often gantek 
The last-naineti Inust be disti finished by iU isotropism from the 
hypersthene, the pink colour being the same in many eecitooa 
These rocks are often aphanitic, and have very probably a com* 
}KMdte origin. ThejVe further discasied on a 
Apbilltte 1822, from <*1 dtsapjiear/’ indi- 

cating the indUiinctnem of Uie coostiiuenU in opposition to 
th<w« of the coarse-grained dioritea). Dolertte (//a%, t 1822. 
from “ deceitful in |iart^ 

This group includes many Forphyritee,** and the quarisleee 
plagiociaatic members of the * lAtuprophyrcii '' of Hosenbusch. 

M ierogianitic and mieroerystalfina At times ophiito 
tmauT dolerites^ CorufilwsiUs— Like diorite. 

L Hornblende Ibres msy be eeen oe<»id<mst!y with the lens, 
as may the glancing surfaces of opbiiic augite in the pyroxene- 
apbanitcs or dol«ites. These pyroxcnic r^t have rotbshaped 
te'spars, and are typically danc -coloured and almost black. 
Homblende-aphanitM are oA«i grey -green, with a slightly silky 
lustra 

When altered, aa they frequently are, the aphanitee are easily 
scratched with the knife, and are quite distinct from the cmre- 
ir ending types in the more acid gn>u|ia. ** Diabase" U a good 
held term for altered greenish r cks allied to dioritc, gabbro, 
aphantto, cf dolr^rite Haiumann { in 1842 dehned it sa a rock 
of any grain aontainlng hyperstbene (fc,. lustrous augite), 
labrsdorite. and cblorite. term \mm since been unduly 

limited. 

The opbitic types show a small nodular structure on weather- 
ing, doe to dte thick crystals of pyroxene coming into prominence 
and preserving the felspars tnmuded by ibanit while the inter- 
stitial material is more eaailr desUoyed 
la these altered types, oucite am often be detected with the 
eye, and fragments ik the rock commonly dibrreice in add, 

*yVaiUdi ifia..te^ ildlt, t lv.,ae4l. (Mid, wlUi D|gttt%« 
by d AakaMaon hi iSIt f(Mssac#i#, p, 1481. 
t /IsA j p, iTl- * 

t^MwrdlefiOMl^lBafSfdfbyia* Qffttfa^ 
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SpK^ic Gravity , — About 2*85 to 2*95. 

Typkai DoWrite without Olivine. “ Whiii BUI«'’ OutImuil 

Wb Quart. Journ, Owl, 8oc., vot. xl. (1HH4), u. 054. 

B. F1i»«*fn»iadi ** Dinbue” (tiered uid chtonUc Dolerite). Kew Wiedu, 
Hmrx. BchiUing. Die Omtutw^noHnit Gertaw dw 8^idkaf^Ut 1909, p. 39- 

C. HotiibUFiia<>*MiGA>Ajduinit<ii (altered). UiU bank, near Stavekj. 

llottgUonf QtiorC Joum. OeoL Scc.^ 1879, 170. 
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11. Tho plagiocljuw*«, usually Ubratlorite or bytownite, are rud 
ahapr^l, and the hornblendes am cotninozily also in prismatic 
fiirma. *i1u> pyraxcuea, how ever, 
form typically (as in the oUvinc* 
dolcritei) an*as of almost gran* 
ular crystals occupying the 
interstices uf the fehjiar mesh, 
or ophitic crystals enclosing 
the felspars (compare 6g. 39). 

Magnetite is prominent. The 
porphyriiic crystals are more 
commonly plagtoclase than a 
ferro - magnesian constituent. 

Chloritic deoompoaitioD pro* 
ducta, opidote, and calcite sre 
common in altered varieties. 

Kamfiss of Ne- 

r n ELUifr A pua v itbs and K epbe* 
line-Dolerites occur. The rock 
of the Lbbauer Berg in Saxony, 
sritb nepheline, pla^oclase, 
augite, abundant apatite, and 
magnetite, ia • good example 


a 



Pig. 29. -.^Altered Dolerite (Du 
base). Mywdd.y.Gader, Coder 
Idris, K. Wales, x 24. a, 
Charaetoristio pal«*brovD aug 
lie. e. Almost odourless em- 
dote, ssaociated with pale ohlo 
rilio arNM, ia which it crys> 
^ Udliset oat, pviog elongated 
■OQtkma rrtBHdao ^glo* 
elssa. L Tttaalolfea we. 


23- llOl.Oi'UYSTAl.MNK IttNYOl’P Rl>CKS. 

(iKAM I.AK Aphamik- Many granular iliorileB are of »ufti 
ciontly tine grain to l>e c!aAie<l as AjihaniU s. 

SlPl’LKMKST. 

Uocks orcur, allierl to Du»nU; and Aphanite, hut with a 
in placf of the felspar. To tlipse tlte houiewijiit 
U'seSy employed terms Nepheliuite, LeuciUU, and Noscauite 
have WtYnne re>iruted. One of the h >t known types is the 
Nephelinito of Katzenbuckel in the Odenwald, eonipowd ot 
neplieliiie.a goo*! deai of smaller imsean, aiiu'l'e, some i>ioiite,mueh 
ap ttito, au i H!aL^neli^^ S^nm* “ Tinguaite'> " fall here (p. 21)5). 

luwtanbusch, again", has plaoed in his “ Linipropl»yro *’ gi^nip 
an interesting series of fine grained nuks, named by Inin 
CainptOlUt£, a ml ci^a^acteriRed by .H^ine 40 r cvnt. of silic^i and 
5 I'er cent, of alkalies. In the field, most of tln sr wiiuhl l>e 
collected as aphaniies ; yet they an- clearly an outlying and far 
more l>asio gmup. Kor a well inve'.tigaltal Hritidi seriej*, see 
Ki' tt, ‘‘Trapd\kos of the Orkney.-', ' yVon^, AVy. >' ik \ 
vc»l. xxxix- • p. J'Tf. Many fine grained “ kernantites " 

and '* mica-traps ' must le referred to the same oii'lviiig group 
of uUrahasie rocks without olivine, 

V. OtiVINE fiAUnRu AM> OMVlN>;-I>ol,KIJirr (liail P. 

Tliuj»e are I lie typic.il led r>crystHl line ro kv 

Olivine-Gabbro. — The gahbros without olivine ar*i troateil 
under dioriln ; but in chemical composition some dioriles over- 
lap into this basic group (see p. 2’J7). 

.^'frucrure — Granitic, often o[thliif. CVru/irMen/j — 1, I’lngio- 
clawv Djinmonly iabradi»rit«, -ometimes anorlbite) ; 2, Tyroxene. 
rarelv Am|ihiljole or Mica; 3, Olivine. Magnetite or Titanic 
iron ore is always present. 

L The difference lietween gahbro and olivine gabbro U not 
always clear in hand -specimens, since the olivine divomjiows 
readily to dark patch«*t, m which rnagneMte is I ‘rge'iy develo|}«ni. 
The lypieaJ pyrox«n« i* brown* black augit*-, or the schiilertaerj 
form, diailage. Uhombic pyroxenes ore determined niirro- 
Acopically. the felspar is usually grey to blue grey, snd is often 
sausturi tiff'd, losing its vitr^^ous lustr« aliogelher. Mica is 
raraty soan ; bat hornblende may replace ny parainorphism 
moch of the original pyroxene. The olivii e when fresh, ap> 
pears in hard yellow green glassy grains, contrasted with the 
darker and leia traASparont pyroxene. If the latter is diofMitde, 
tt may lie difhcuit to disunguish it from the ultvinej its more 
ssarked claava^eHMirhuiea should be notod. 



llOi.OCUVBI AtLIjfK IGSfRClUB UOCKS. 


233 



Kij', 3 lt. Olivine GAbbro. Ntai 
AWttlcciL X 7. <1, 
DialU^'c, witli Qumtrotu ui> 
cluiiotu clevrtopc^l by achilb r- 
bvatioD. On iu mat^inh it u 
paiKing by further cb«i);^o into 
brown ttrtinj^'ly plcochroic It'.'ra* 
blende, u intiic»te<l by tite 
darker Kinds, (J, Olivine with 
fibruiis manijiiial rone it cuiitict 
with the feKpiri (derelopiix nt 
of ictinulitic intl other iniphi- 
bi>l(n; “clynimo mrtiniorubic'* 
7 >(ii- nf Kteenbumb). I^rgo 
cr)*tal« i‘f jillim**" leuM', 



Fig. 31. Oabbro rieh in Olivine 
iTructolite). Covcr,u:k, Com- 
wall. X 12. a. Irregular and 
very aubordinate au^ite. of, 
Olivine, altered, with develops 
Du-nt of serpentine and mag- 
netite along tlie cracks. The 
iurrounding feUpars have 1«- 
come full of rifle which radiate 
from the (lecompnBing olivina 
r<, i'lagiocUae{anorthtte). pv. 
Thin rones of pale brown py* 
roxone occasionally occurring 
on tlic m.irciii the olivmc. 


O phi tic stru tun* on <i coats" .-icalc is prohiKlv .as connnori tu 

the irraiiitic. Weather! ni; a brown rough surbue, on 

which lht> pyroxene stAtnls out. 

>'/»rq/ic G'ravit}/. — About 2 t) to 30. Aa low aa 2 when 
iinn h altered. 


'/ypirn; .-luri/y^r.r. --A. Olivine-Gabbro. ( uillni H ilb, Skye, r. ilnsl.in 
Hirker, " Igtus^uis Ibn-k^tuf Sliyo,’7,V<i/. Surr. f.bnVr'r/ Kiufjfiotn. 11^)4, p. 103. 

B. An(»rtlnto t ;,0ibM. very rich itt fdiviric, with broitrit • and d:all;tL'e. 
The Ahtthal, TmuHvlvinia, Tschertuak, li>h9, 

p, 227. Ana), by Ihirln’r. I’Uvtsd with “ ricnin'* by Tacherniak 
p. 22H)1. See p. t>( this book. 
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IL Tbe remarks made on the pvroxeuo-d tor ties apply tn^ually 
to thes<' nvki;; but olivino must nere be especially looked fur. 
It will ap|>ear as grains of irregular form, oooasioually i-mbetldetl 
ophitically in pyroxene, and traversed by the characteristio 
cracks with traces of greea decom|H>aitio& producta. As alter- 
ation advances, the olivine area is converted into groi^n s^t- 
pentiiie, and it ofloa becomes a qmaUon whether this matorial 
arisen from olivine or from rhombic pyroxene. When the 
olivine la fairly ferriferous, the |K)rtioa of ferrous oxide nd« cb*<l 
during tlje conversion into serp<mttne separau^s out along the 
cracks as magnetite, and gives a characteristic ap|)earancc to 
the are^ Very coiuniunly, colourless patches of olivine remain 
in the serpentine, extinguishing together between crossed 
nicols and thus showing the extent of the original crystal 
(fig. 31, and frontispiece, tig. I ; also p. xili.) 

When felspar surrounds the olivine, it is often split by the 
c.v(Mn»ion of tlic Utter mineral during hydration, the radin) 
cracks set up Ijeing filled with serpentine. 

rorieftei q/t>f trine I Til sr.cosDARr xo»Bs(fig, 30). 

These are very marked around the olivines. The structure 
appears to arise by interaction of the minerals when ^ubjecled 
to earth pressures (as in the *■ Fiast r gabbros " of Saxonv), The 
con^titut^nts l-eo)!!!*? divided from one another by rones of 
aciinoiite, rhombic pyroxene or rhombic amphilxde, garnet, and 
other minerals; these xones r'<|uire the microscope fur their 
correct appreciation. 

ti.vbiiko Rn H IS PLiviVK (fig. 31). — The ” Foirllenstoin " of 
th*- (iermans is a rock in which the dark altoring olivine, set 
in white feU|]ar, wan suppoaed to resiunbte Uie markings <»n a 
trout Little pyroxene occurs, Tlie felspar is anorthito, and 
this anort hi to'gabbrnl with much c>jivine)wa« called “TrK’hdito'’* 
by von I^aiiauix. Microscopically, the ftdiijtars ap{Har split by 
the ex|%nsion of the olivine during its |«aKAge into ser|)eiitine, 
S>me authors, noting tlie small part played by tlte pyroxene, 
consider “troctolite^ as composer! of olivine and felspar only. 
In chemical eriinpisition it is uUraliMic. 

OliTine DoI^U. Microgranitic nnd micfocryiUb 

linr At limes ophitic. The olivine is often porphyrilic. Cofv 
sriltieiii«---Ltke olivine^gabbro. 

L The fxick Is typically dark, with a granular appearance. 
Closer ioepeHion generally revaUs prismatic fetsiair, obscured 
in the total effect by the glancing points of the pyroxene and 
alt vine. Ophitic stmetare and, where felspar ts not abundant, 
* Jywn a fr dtr Pthvffrapitkt p, 8IA Ftua r^i^, a tnmU 
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the “ tuitre-muttliiig effect of olivine and pyroxene, are visible 
ill parU of many iniuises. (See p. 

The knife usually leaves a white mark on the rock, owing to 
the tendency of the basic constituents to dccompt^e. The joint- 
surfaces are brown with iron-rust, and weathering gives a 
rugged aspect like that of the gabbros. 

When much weathered, the olivine-doleritea b^nome soft and 
greenish, and zeolites, calcite, and agates begin to accumulate 
in cracks and cavities. 

Spfcific Gra\nfy. — About 2*9. Lowered by alteration. 

Tyfiicai ;4ua/y*c*,— A. M^isnntr, He^ise. MocaU, lb67; fjuot«i by 
It'tih, zvr Ptiruj., 1809, p. c){xx, (one of Hally’s typical l)olcrite#), 

B. Near VAlmont, (Vdorado. Kakins, quoted by Clarke, Hull. U.S, 
ikvl. Surr., No. 168(1900), p. MOl 
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IL The pUgioclascs, labradorite to annrtldte, are ixxi slia|»e<i. 
The pyroaetic occurs in the intcrslu'es of the feUfvar mesh in 
granular forms, with commonly some sign of the eight-sided 
outline, or as ophitic crystals, The olivine lies scattererl hap- 
hazard, two or three crvstailine grains commonly l>eing attach^ 
together. Porphyritic crystals of plagiociase and pymxenc are 
friH^uent, The olivine, moreover, is also commonly porphyritic, 
not Iteing diffused in amall granules through the groundmass. 

Hy alteration, these rf’cka give rise to dubious forms that are 
most conveniently styled ^^OUvine-Dtabases/'and sometimes W- 
come “epidioritea'* In these secondary hornblende and biotito 
may occur. Both these minerals are rare in the unalUTed 
olivine-doleritea. 

Tiinc/ie# 0;»Wtie /)o/cn'lc.— N \ mieusk-Omvine-Dolkritk. 
The felspar may be largely replaced by nepheline, the crystals of 
which appear m palo yellowish vitreous grains or rectangular 
and hexagonal teciiouH on the surface amid the dark pyroxene. 
Theae rocks are naturally richer in soda than Uie ordinary 
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typ<s AUii An r«]>re«ouutive« ut the iiepbeline* 

UkHiiltji. 


Supplement. 

h»‘fi is uKsent, ajui it.H is taken by a folspathoid, 

A-v have OLiTiue-Nephelimte, OUvioe LeuctUte, A-e , a suiail group 
ui rocks that UtKs not require separate description. 


VI. pKiiiD TiTB Gkoup, 

The Peridotites, as the tertn is now umirrsUMnl, are quite 
exct'ptiuiiai wlit-n c^»miw»P“d with the rK*ks ul the pitvrding 
groups, being pnitUcaJiy devoid of ftdspar and not rich in any 
aluminous mineral. Tliey ixvur as segr* g/iied masses, or as 
veins, among oniinary basic rocks, the latter often all ailing irtto 
them just aj gninite mav fihade into tin* more highly siiicated 
apiite. The ** Picriies ’ of Tsole rmak * are roeks rich in olivine, 
ihi.-i mineral forming al>oui oO jxr cent, of the bulk ; but at) mo 
contain imicli fehpar, ami ti e\ fi>rrn links with nlivine-gabbro. 
The rm >anm>t f.nriv l i* u^ei m .niv imt the gem i'al sens© 
of lU author. See anaiysts, p. 233. 

Peridotitc. — A name used by Cord er for a or d«)hTite 

rich in oitvine. Nr>w generally ad'){>i«*<l, following Kosenbu-edi, 
for tyf.«i without te;s[>ar, '‘Picriud'ofinany autliors. Structure — 
Granitic; but veryoUen liie olivine is ftjdiuically includwl in tlie 
pyroxene, ani{>hiU»le, or mica, giving tlie “ lustrc molUing '* 
e tb 't:t. Coml xiu^uU — 1 , I* v ft ) x en e , m p h i U j 1 e, or M i ca ; 2 , 
Olivine. Magnetite, titanic ir-n ore, ciirmnite, and other spinel* 
loids are common. 

I I i ^revaient colour when fresh U a yellow olivine green, 
darkening with di)Coui|H)sitiot>, aiid intermingled with black or 
lustrous bisilicaie^i. In the lustre mottling ' tyj>es, the latter 
Qiinenda give the inqireanion ot forming by f^ar the greater bulk 
of the rock, owing to the glancing of their cleavagcvnurfaca* or 
•chiller planes ; the olivine .vp|)ears xt t in the pyroxene, ^c., as 
little dark green or black granulea, A false appearmoce of coarse 
crystalli&e f^orms is M)melimca given to the rock by the meeting 
at various angles of theso lustrous surfaces Udonging to dilfereni 
ophitic crystids. 

* HuxmQihtT. d. AhuUnm, lid. xb, p. 113; sad Itk /V/dipr* 

gaUatt (WrridU, 1669, p. 34A 
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The hornblende-tnica-j>eridoliUj of Schriesheim ia iWen 
is a gtHitl type of this structure. A beautiful example with 
bronze coloured mica occurs near I/>ch S<r)'e in t.'aitlineas 
('•licyolite''). 

Owing to the ready (Iccoinpositlon of olivine, the peridotitea 
are best known in their altered forms, which consiituU* the great 
bulk of the rocks callf?d Serpentine.* These are yellow-green, 
dark greeji, purjdc, or red masses, full of veins, which are often 
of a different colour to the ground ; they coinmonly contain 
gleaming crystals of altered ]»yroxcne (bastite, ic.), though these 
are sometimes njpresenUHl by dull yellowish pneudomorphs in 
wliicli the cleavage-structurea arc preserved. Tie- richnes-sof the 
ftdour, often a line puvple-blsck, makes serj^entine a striking 
rock in the field. Owing to its vielding character, schistose and 
brccciat<‘d forms are very cfunmon, and the rock breaks along 
Bmpy-looking slickensided surfacca. Soim* rocks called serpen- 
tine are serpent inous limestones, others scliiats wdth grec'^ 
decoiupiosiiion-products ; and any examination of a serpentine in 
ntu should involve a close enquiry into its probable mode of 
origin. 

Traeva of dull white siiussuritic felspar remain in some 
serpen tinea, the original rock luiving been allied to the gabbros 
rich in olivine. In others, red or green garnets fonu a some- 
whiu striking accesiorv {serpentine of Zohlitz, ic.). 

^rVrtet/y. - 3-0 about 3*3. Soauewdiat lower in 
aerp^mtine, hut varying accord uig to tlie amoun' of alteration 
of the constitnenti 


Tpfiicnl P_vroretiC-Vt'ri(l''tio* (“ l.h<‘r7<»lite‘'i. Caiis.sau 

Pyrpnecd. Hrinuu, liv Wasliinj^nin, i /'/v/otM 

I'pjfnm. p*jMT U, r. S. Survey, p. .ViT. 

B. Mica-llornblrndt'-Peridoiilc . “ vlUr ' I. I»cli Seve, ('aithnefts. 

Mill, l/wtrt. Journ. G^ol. Soc.. iSSf', p, 4og, 1 by l‘rof. .Iiuiil. 

C. iKinite, Ihm Mountain. New Z<uland \ (‘n H<k luitciter, /nWhrd, 
dfniitch gtoi. tfVjri/. lHH4. p. 341. .'vinu' pyr.ncn^ : I'ln'amitr tymoiyl. 

D. Serpentine, litani, Cornwall. .1, A. I'billips, .Ua</., vo[. xli. 
(1871). p. 101. 


• Those are the ^‘opliltes" of antiquity; now tliat ‘‘si'rpontine’' is iwc*! 
for a m«>eral, they are properly ” iier|»fntine rcK'ks.*' 
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IL The abundance of oiiviae, unaiUrcd or aerpvulinisodi 
charactmses the lioridotites and s^'rpentinea in microacopic 
■ectiuna Felspar is rare, but soinotimns surrounds oliviin’ 
graiuil(e« here and as in the troctolitea* The ferr»>- 

iiKi^'iiejtiaii constituents ophitit'allj surn^und the olivine, or ore 
irreijularlr with it. Hrown gm n clinune spinels, such 

as picotile, which are isotropic, are fxrcaHitmally prf*si*nt. 

When the pTidotiu* is fr«’?»h, there may U? very little colour 
in the si>ction, since the olivine, the enstiitite. the dio^mide rich 
in chromium, ic., may all apf>ear vrry ch^ar and pale. The 
high refractive index gf all the tjpiral constituenU w a rather 
striking feature when one {ui&Hea to these from onlinary 

‘juartiosi* and felsjcithir typ-es. 

The cracks of the olivine will, however, ctanmonly appear 
faintly green ; the pyroxenes can U‘ pickl'd out by their cleav- 
ages and extinctions ; the spineiJoids by their deep colon ri or 
opacity, and their isotropism when transparent. 

The amphibole that sometime* occupies the place of the more 
common pvroxene is often also |>ale and almost colourless in 
Ri'ctiom A pale brown mica, with strong pli*ochroisfn, is an 
occasional conitituenU 

The serpentines often eontain traces of pyroxene or amphibole 
amtd th*' general green areas of altcr^ olivine. While these 
minerals have often l>ocome alsr; »nd saturated, as it 

were, with serpentinous matter, it is questionable whether they 
contribute in a conipicoons degree fo the formation of the 
mineral Mrpentine, Their remains. Indeed, occur, lioth in the 
rock-fgass and in seciiiuis, rather a^t l»rraks in the continuity i»f 
the typical soft serpentine lock than as sources uf origin of the 
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Berp«ntinfl. (See in particular MIrd C. A« Raisin, on the 
lUuentbal Serpentine, Quart. Jouni. Soc,, vol, liii,, 1807, 
p. 246.) 

The gamete of some eerpentines are gri^atly altered, lon^ or 
complete pseudomorphn of fil t -is structure being pnvJuced. 
Calcite ana dolomite may occur. 

The schiatoee eerpentines should be studied in connexion 
with seotioM of the metamorphio rocks among which they occur. 
Their emptive origin will probably be proved in a larger number 
of cases than is at present recognised. 

The brccciated serpentines often resemble tuffs under the 
microf^cope, since lumps of the rock may lie amid completely 
pulverised and ground-up material ; but there is no scoriaceous 
structure in the particles, and field-examination will give 
evidence of the mode form an '*n of these fragmental varieties. 

The fact that 8<‘r|Mhtinous limestones, chlohtic aggregates 
derived from altereti pyroxene-rocks, and other soft gre^ n ii)a.s8es, 
are umietimes described as serpentine must not be forgotten in 
jtidging of sections said to reprt^sent this rook, 

Varietus of PeruiodU . — Liikuzolitk would scarcely need to ho 
meutiont^d separately hut for the detailed study it has 

rt-t'eived and the antiquity of the name (given by Delametherie 
after the Lake of I/herr, in the Ariege). It is a fairly fre^h 
irnwiitio p^fridotite with <iiopKide, onstatite, and chrome-spinol. 
Mitiiv varit-lies of poridotiio based on tlie prevailing pyroxene 
have lately reocivi-d distinct names ; but a mineralogical ter- 
minol(igy for such rocks, as above us(*d, will jirobabiv com me ml 
itsidf to most observers, 

DnxiTK (von Hochstetur), or Olivine-Kook, is an extreme 
form of jjeridolile, commonly shading into more normal types. 
It consists of olivine with more or less prominent apii]elloi<ia 
(chromito at the Dun Mountain, Kew Zealand). The colour 
is olivine green, the structure granitic. Many pure serpentines 
dr.ubtleaa arise from tlie alteration of olivine-rock or dunlte. 
A good example of olivine-rock occurs at Krauhat in Styria; 
and certain yellowish masses with chromite in the Shetlanda 
are ser|M-iiline* corres|K)nding to the New Zealand dunite. See 
analysis C. 


- Compact Perldotites, correupwnling to write, Ac , sra rare 
TitP rork of Krsubst, msntiunod above, ia typically a ronqvict furia. 
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B. Lithoid&l Rocks containing some Glassy Matter. 

This division includes those typts of igtuH)ua mck that are not 
truly holoerysUllim% although they nmy soiuetiiues apjajar to to 
tie* eye. NV liiie they commonly occur as lava^flowa^ tbev may )»6 
found also as dykes, and towards the tHlges of even more im- 
portant intru.sive massi'a. Tiiere still remain fOt'ka of a highly 
vitri'ous charai'ter, which are n*9erv(Hi for a separate division C, 
since their lorrect determination is uiort^ dependent un i hemical 
analyses than is the case in the present or pieotniing divisiou. 


[, Rhyolite ClRonr. 

These rocks oorreapond to th*’ granites and eurite*. 

Rhyolite (von Richthofen, KSGO;* “Liparite " of Roth, 

Prior d.itM oU-Siied as trachyte with free silica, and thus 

ofle n known under the name of 'Quartz-Trachyte''), i^lrw'iur^ 
(.'ompacc lithoidal, sometimoH showing spherulitea. Occasional 
Itands or fiatche* of Mack glass. Often Imndetl and fluidal, 
— Thos*' of granite may app^'ar porjdiyritii-aMy 
The felspar is orthoclase. otten in the sanhline condition. Quartz 
iiiiv W pre>ient in grains. Ferro inagn* >ian minerals not con- 
spicuous. lutlioidai to gtaasy ground iiwlss. 

I. Th“ ((orphyritic cry.sulH in tln^e |k'irtly gloany lithoidal 
ro<:ks are -‘f uv in det- rini nation acLording to their aliundance. 
When sw'au*-retl at w ide interval.^, their elh»ct on the total enm- 
position, the latw M-mg tin- ehief onnsideration, may !>*> very 
•mall Crystals of onhoclaae, couph-d with ipjariz, are. however, 
a fair guide, since the indeterminaoie grounrimaas will proliahly 
be yet richer in hiiu.a than tlie aggregate of tie ]Kjrphyritic 
constituents The c ear “ glassy ” sauidine or anorthocla.ve 
will often ahow the charactenitic simple twinning as the 
specimeti catches the light when turniMl in li.e hand ; tlie 
quarts is commotiiy granular, but sonietinos has traces of 
pyramidal form. Litth' Mack sp<rks frequently incur, width 
jirove Ui M' flakes of hioitte or prisms of iMsia nugile, or, more 
rarely, bomhlende. 

The groandmass is typically |«le in colour, often lieing 

red or brown-pink, or a yellow-brown ; someiimeH white 

* Jahrt/urk dtr L k. 0^. iti. xh, pp. and 166. 

t l>yt p, xxxtv. 
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or grepniHh-whitc. The bamlcil structure is often extremely 
perfect, as in rhyolites from Icr-lanJ, the r ck Bp lilting along 
parallel planes altaoht like a shale, In less regular types the 
bands, marked out by various Hha<ies of colour, are bent or 
contorted by the flow, and tim porphyritic crystals play a part 
in distorting them which is compamble to that of the “eyes*' 
in schists. 

The groundmnss, when compact, is fairly hard (=: nearly 
C when fresh;, and the fractund surfaces tend to be conch- 
oidaL U gives a good {Hi^tassium reorjlion in tlie flame. 
When attacked by volcanic vapours or atiuf'bpheric action, it 
becomes {>owdery and softer ; opals are found sometimes in 
the cavities. 

A tcoriaceous and commonly pink type from Hungary goes by 
the name of the M iltsione-Porphyry.” 

The grouudmass may become very glassy, approaching obsidian 
when still compact, or bec-oming white and puniic<‘OU3, with a 
delicate silky lustre and rough feel, when expanded by abundant 
steam- vesiclea. 

As already hinted, sph« ruHtic structure may be recognised, 
particularly in thi* litlmidal l>aniis, The sjdieruliteB are some- 
times greatly elongates! by the flow of the mass in wliich they 
an* dev'clopeil. bilhophysc-sti ucture and spherulites, the centres 
of which seem to have Ix-en eaten out by decomposing agents, 
niav Ite looked fur atm>ng rliyolitic lavas. In some cases, the 
Bpliernlitcs seem to have grown, both outwards and inwards, 
fnuu the surfaces of steam -vesicles. 

The freshest Beries of rhyolites in the Hritish Isles, ranging 
from lithoidal ly^H'S to pcrlitic obsidian, is undoubtetily to be 
found on Sandy liraes, north of Tardree in t’o. Antrim. 

The older typt^s of rhyolite have special interest in (>reat 
Britain, owing to their extensive development in Ordovician smd 
earlier times. Secondary devitritication has removed all tr&oea 
of glass, but the strvicturea exactly pandlel those occurring at 
llm present day. Their general .*ippearance is that of compact 
white or grey ourite ; but spherulites and lithophyses can often 
be well seen upon the joint planes or other surfaces affecte(i 
by weathering. In the hollows of the aiteretl tiphenilites, 
and in the micka of the rock, quartz is very freely develoj>ed. 
Many of these dull or llinty-loeking lavas represent former 
olMidiana 

The “ Pyroiueridet” and MotU^iro* meaning “only in 

* Jonrtuil li^M Mititi, xixv. (ISU), p. !159. 
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put fusible *) of the Oontinentare preeiielj^ limiUr to the old 
British cvMknely sphenilitic rhyolite*. Secondary quarU and 
chalcedony are abundant in them. The spherulitea, m in oor 
Wrekin area, hare often become red, almost like 3i«i>er, but still 
•how radial structure when broken o|»en. In the Wrokiii area 
the larroondiDg deritrified glau is dark green ; in the typical 
“pyromeride’* from Wuenheim in the Verges it is yellowish 
white, resembling many elvaju." 

Where the glass was formerly abundant in these ancient 
rhyolites, perlitic cracks of the most perfect kind may often be 
traced with the eye and lens on slightly weatheretl surfaces ; 
these cracks may be marki'd out by secondary products darker 
than the deritrihed groundmasa It is on their occurrence that 
geologists mainly rely for proof o^the former vitreous character 
of the mass. 

These older rhyotitM include very many of the “quartr- 
jMirpkynes” of continental writers, ami part of “felsile,' “ fel- 
ato^* “ petrosilex," and “ halleftinta." 

Speeifir GravU ^, — About 2 5. By secomlatj devitridcation 
this rises to 2 05. 

Typical K HhyoliU), HUailt, Bungary. Von Sominaruga, 

Jakrimrk d t i. lUiflA., Vicoas, ISefl, p, 464. " Like homit^tw.'’ 

B- UthcMiU Rhyolite. Tardree, Co. Aatnm. Player, quiited by Teall, 
BnL p 34-1. With tridymite. 

C. Perlitic HhyuUte altor«<l by aecondary’ ilevitiihcation. Parly («m- 
bfun^T lYe cambrun W. ol the Wnkm. Shropshire J. A. Phillii*, 
JcuriL. lH77, p- 457. Itewnled by Mr. S. Al!{«urL 
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eumplm, bases being carrinJ away in solution and quartz and 
chnlcfylouy greatly accumulated. 

Thus a coarsely spherulitic rhyo- 
liU? at Digoed, N. Wales, gives 
Si (X - 83’OH per cent 

IL In sections of rhyolite the 
porpbyritic crystals are corroded 1 
ami eaten into by the grouniiin;ts8 
{fjg, 32, li), assuming commonlv a 
rounder! or oval outline. Ths 
(quartz, which CM:curs frequently, 
may show glass- enclosures with A 
buiibhis, which are not due, like 
many “enclosures,” merely to the ^ 

transverse section of a tongue of pig. hhyolite. Uliiilk, 

the invading groundmass. Hungary’, x 24. Fhji.I.il, 

Sofia augite and biotite are the ban-iftl, and imperfecily 

ferro..„a,.e.U„ > 

constituents, and keep their out- cryaul 

lines well; but the dark minerals, of fionidine occurs. H, 

including magnetite, are often Khvobte, Dyke, Rro-idferd 

.mly feebly represented. jK'- ^ ^4. Splicm- 

rrt 1 1 j btic enmndmass, «tth pi<r- 

The groundniMS slmwn hand* of pj.yrit whi.h 

various brownish tint*, commonly |,ave Ix-cn much comxlcHj l»y 

yellow-brown (fig. 32, A), or is the Burrounding n.:iU( r. 

uniformly brown with scattered 

'•mbrvu-crystaU — ‘Vrystalliies” or “ microlites.'* These small 
•'rystalline bodies are arninged with their longer axes p.arallel to 
the lines of flow, and thou Id l>e studieil wit li a J-inch or ^ inch power. 
Theembryo-feisparl are often notche<i deeply at each end, having 
grown, in fact, most rapidly from tlieir corners (compare fig. 36, H). 
Sphemlites appOM* as brown circular sections, sometimes with a 


porphyritic crystal at the centre. The radial fibrous atrncture may 
or may not be deveIoped(see fig. 4 1), and concentric coats of slightly 
diflerent physical constitution api>ear in some varieties The 
material, partly glassy, partly crystalline, forming the spherulite 
differs but little in composition from the general groundmaos. In 
some cases, a diflerentiation occurs among the rays composing the 
sphenilite, aiiti some of the browner rays even exhibit pleocbroism. 
Probably in all spherulitea there is a good deal of gloss, caught up 


during the pmess of i^gregation. A more transparent coat com- 
monly surrounds the completed spherulite ; at other times a cloud 
of dusky matter remains, from which the spherulite has concreted. 

In more exceptional caaes the spherulite has grown in some 
directions more than in others, spreading out in rays into the 
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lurhuiiuliiiii in a strikintj ainivlulonn umnn«r. Such bodiet 
may tx’ as ' skch ioii s}>l»t‘ruliios ; a Iuum’Ii of the 

divt'rvfctu rays out across i:ivi‘s a immU‘r of irn'^ularl? 

ovniii sections of librnus matter with nn ajjikaront oonnoxian 
them. 

In tii*' more lithoulal rlkvoUt*?, the spheruHtic structure, if 
pr>'S<'ni, is injured hy the clnst* crtiwiliii); of tlio spheruliU‘a (li^. 
e’J. A and I’t) and is U‘st seen lietweeu cnmed nii'oU. Apart 
fro?n th«' iniiiut«> traces id isotropic ylaas, a sha*lowy crystalline 
♦ 'tV«*ol (ilue to gla.ss under strrss. imprrftvtlv develo|>ed crystal*, 
and miorolites i is seen throus^liout the grouiidmass when jwlarised 
is usinl. This " cryptoerystaUine " cliaractrr i« probably 
leut'T seen in llte rhyolit' s than in any other group. 

The sph*-ruiu»\s, when n mcruu.s, may have |M>lygonal outlines 
w)icre ih.yv 0 ) 10 '* inttt c-nUai'U or mav U* r dncol to fan like 
pat*'h» s. With cros.v*'! nicois ih*- Ida* k cross of >ph' ruIeH under 
strt‘>.> Mf of fihrv>ns .ii;gr. g;\Tes is g'H'-rallv traci-al»l '. and is very 
coti'pn jous in >< im* ^tuall spherulites n> gla^vsy rocks. In tiu* 
itiiii’ rf'** t fin Ilk' aggi' g.itefi, this feature U'comeR most ea^sily 
wheti life stage is rotat***!. 

liiie a^mtU'Ui hr'wn splo rulitt*.') iimv Iw' almost or truly 
is^>tr''{n ', the »oii» irieH' coat round well d'-velojK- l examples is 
(P'en to !»** l'*‘lter Ci V 'Uliis*-*! than th*- inU*rior. 

pert Stic s'ructur . wjth its more .r loAs delicate ami com)*)' X 
.sy .t>-m of nft», ap[*« ar* in th-- mo.t gla>*sy rli vulii*-A, ih** curv**d 
< ricks at lime-i re.^ejnhling in regula^it^ tin* <'Oats of an otiion 
(se*' tig 4‘J . 1 h** structure is li rile interfered with hy Hjile rulites, 

th'- craj:kft oft'H pi'.^ing through them and the groundina*cs 
alike : and tin* whole gl ls.h may Ia* lirnwn with lu'parated mailer 
ami fill of niicrolit* s, and yet nitav ha.** yield)'<l to this form 
of . ontruction. Ihir »he sulvcrystUlitie structure of the most 
lithoidal rhyolites checks the formation of fr^Tlilic siructurc. 

The ohi'T rhvoliU'S diow under the microsco]M) all th« 
structures aljov.* detcriUMj. Put for a rrerUin earthy duliuAs of 
tf»e groundmass, and the frequent occurrence of cracks and 
isoilows fil!<*<i with chalci’dony, quartz, or ‘larker secondary 
products, their extremely antique character might scarcely U* 
sus[sTUd (see fig, 42;. Ihit, d>n*clly the polaris^' 0 |>e is applied, 
the areas repres^'nling the glassy or glassy lilhoidaJ tnntrix are 
s/*en to l)e roMi|iifrted of crystalline granules, giving ooUnini of a 
low orrler ; whiii* any spliryfuliteit pres^uil., though all tlieir fortii 
•uvl tihrous strucfure may Ih- presi rv^Ml, also exhibit a granular 
(loUrisation. The microlites and minute Wins of the ground* 
mass can lie traced, often as pseudomorpliS, with higher i)owera, 
despiUl! the leoondary devitribcatioa that has gone on round 
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them. Th«i j'ranuU s devi'lojjeii liy ihis process so«afitiint*.s attain 
1 nuii. ur so in diameter, and they meet one another along 
irregular iK>undariea. The str ucture is thus something like that 
ofrjuart/itc, and it is quite possible that *‘ach granule, felspatliic 
or otlierwiw', is formed in optical continuity with some minute 
original central crysUd which has served as a poiTit d*ai>pui 
during the process of devitrification. Thus a rock that retains 
all the delicate structures of the original glassy type, may anne 
to consist of a ho locry stall ine aggregate of interlocking crystals 
of quartz and felspar, which behave ophitically towards tlio 
crystallites and iiiicroUtes originally devclopetl. Twinning, Ijow- 
cver, does not sei-m to arise in these secondary fei spat hie grains. 

I'oriWici u/ SoDA-IliiYOLlTK. This corresponds to 

Sfxla euritc. The orlhoclase is rich in koda, and commonly alhite 
or oligoclase appears, f^oda-microcline is probably present. These 
ro‘ ks arc called ‘'Quartz-Patitelh rilfs' by Ros^,mbu^^cb, and form 
links with the quartz andcBites, See also Obsidian in division C. 

II. Tracmme Orol’p, 

This group is now by univers.d consent much reduced in hulk, 
by the cu'ting off of the quartx-trachytcs (rliyolil'-s) at one end, 
and the nligocsaae-trachytes. kc, (an*ii sit< a). at the otlicr. It tlius 
corresponds to the syenites. 

Trachyte {//any,* quoted by d’Aubuisson, 1819, from 
“ rough,” owing to the common texture of such lavas). Struct 
—Compact lithoidal ; very often ^coriaceous. Commonly pur- 
phyritic. —Those of symite, The orthoclase is 

commonly the “glassy ” sanidine. Ferro-ma.;nesian conhutuents 
not abundant, Lithoidal to glassy groundmaas. 

1. Quarts ntnst lie absent; the sanidine is often large, its 
clinopinacoidK being chanu'teristicnlly broad and the crystals 
plato-Iike. ScKlrt-augite, biotite, and hornblende may be recog- 
uisf^l, and occasioiially rhombic pyroxene occurs. riagii>claae is 
common, and may l>o known by its striated surfaces. 

As in the rhyolites, the groundmass is typically pale. The 
chariuHoristic colour is white, inclining to grey -brown ; but reddish, 
yellowish, and even black trachytes exist The black scxiriaooous 
tvj>e seen in the Arso lava-stream in Iscluo, which was poured 
out in the fourteenth century, is, however, quite exceptional. 

Since the proportion of glas.s to well developed crystals is on 
the average less in the trachytes than in the rhyolites, the 
banded and spherulitic structures are less often seen. The 
fractured surface is somewhiit rough, and the material breaks 
away under the knife. In decomposing tvachytc-s. alum is 
•ometimea deposited under the influence of solfataric vapours. 

* Trai/i dc J/in., 2nde. i. iv., p. 679, 
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Si>*cijic Gravity, — At)out 2 '5. Tho luosonefti of teiture ia 
in&nj examples makes determinstiun diflicultN 

TyiHvai IUb*rUh»u*eii> Kvv'lbMdi, quolsd by 

Z(rk«i, i*»trvyr^pki*^ ed. 1, Bd. il. p. 17& UtU« korMlud* and miv. 

B. Freifnli&iuldivu, flifrL j^irkei, ti. ttcuUrk. i/e'id. O'ac/4,, 

ISVJ, Jv 535, WUb (Vii/oWn*, 

C. ScntntpuU, 1^-iii.v Vom Katk, Zrit«cMr. d, datUcK. geuL (/eaed., 
iSfid, 623. With iivtiaiitCt Aagit^^ and Riotitc 
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IJL The l)eautifiilly 
spieuDus ill M^rtionis of lr»t:hyt<\ lhoii|^h liable to be bnikeii ahd 
i'ormd»'tJ. Pla^idclav' is alinifHl always present. Small imhIh 
au^ilen an- proli^ibly the coimnonest forro-iim^nf^ian couslitucni, 
biotiu* is Turly frequent, but hornbUMide Momewhst rarer. 

The ;,TDi3ndma.sS rarely shows banding, but is crowded with 
micfolitcs of nrtboclav’, which arc arranged in oonfmiwl flowing 
lines, A high |iower ruveals 
enlourlesa intemtit ml gtius w ith 
“crysUbdust ’ and miuulo skele- 
ton cry Htals. In the mcwt glossy 
tnchyU'it, sphenilitie and |ri<rlilic 
Structures ap])«*ar (see Khyolite). 

Tho older trachytes or© very 
dilRcult to marV offirom thecornv 
•ponding type of rhyoHtn, since it is 
impossiQe to uy what wss the ori- 
^nal projiortioti of silica pnuient. 

marked absence of por|>hyrnic 
quarts in tomfS rocks at pfiu^nt 
riassed os altered rhyolites mokes 
onr siisfiect that (among the 
hevonian eruptions, for instance) 
many of these old lava-flowi were 
trachytic. 

VnrUiu* of TfikcKyU, — 8ooa- 
Tracu rn (**Faot«U«rite”of Rosen* 
bvsdi, after Foriiner, from Patitslleria). Bodamierocline may be 



Fig XT Tr*!' It) te I^irhta. * 12. 
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»hr>wil>g trarejt of Srjtiinj^. 
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so*U anKile «rrgr» ; a citw^ 
sertjoo iua near the top of th# 
drawttif. nahial hcmicrya 
Uibot grmsadmaaa 
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pr^Mht, with oligoclast;. Prolwibly the majority uf trachytes 
conuin a greater total porceut^e of soda tiiaa of potash (see 
VhonoUtes below). 

Tiiacuytb with much Oliooclasr. ^Thc “Domites” of von 
Iluch (from the Puy do Dome) may l>e ])laced here. These 
rocks are the connecting link with the andesites. 

NkPJIKUNB-TraCHVTR (NEPHELINK-Pl!ONOMTE).—The4M3 rOck» 
may ite rcgardcKl as forms of trachyte rich in soda and poor 
in silica. The rooks known early in the century as Phonoliu^s ♦ 
wero compact grey hssile lavas which gave a ringing 8o\ind 
(“ ClinkHtone ”) when struck with the hammer. Nepheline was 
gradually discovered in many of these, ami, following Zirkel, 
the b'rm phonolite is now used for a lithoidal or glassy rock 
containing— -1, Orthoclase (usu illy riclt in soda); 2, one of the 
** felspathoids," kc., Ncpliehne, I.*uciU*, Noseaii, or Haiiyne; 3, 
Pyroxene, Amphibole, or Mica. Pale sphene is a common 
aocesiiory. 

I. Thn nepheline-plionolites are less traehytic in aspect than 
many of llieir ailiea They are commonly very compact, and 
of a grey colour faintly tinged with brown. When fresh they 
have a pe uUar partly glassy, partly greasy lustre, due to the dis- 
aetuinate<l nepheline (the rock of Brux, Bohemia, for examjde). 
But alteration easily sets in, and yellowish-white opaque patches, 
oflen showing nepheline outlines, appear throughout the mass. 
The cracks and hollows become filled with zeolites, notably 
natroUte. The felspar remains distinct and glassy-looking long 
after the nepheline has become pseudomorphosed. 

The fissile character common in phonolites is intensified by 
wtysthering. In several cases it is due to the arrangement of 
lamellar orlhoclase in parallel planes during movement of the 
viscid mau. 

As was noticed nearly a century ago, the phonolites give on 
digestion in acid a separation of gelatinous silica. Any rock 
rich in seoiites is likt ly to show tins character ; hut the nephe- 
line and Us altoratioieproducU, dissiminstHl tlirough the wliolc 
mass, tnako the reaction here a striking one. It is noteworthy 
that the more weathered phonolites give only slight gelaliti- 
isation, sinco the minerals which thus lasily yield their silica 
have Wen already attacked by circulatiug waters (see Zirkel, 
I*etioyraj}l*M, 18fi0, B<i. ii,, p. 19G). 

(rmvity . — Near 2 55. 

Typktif Nepheliho-Phooolits. Wsriwiberg, nesr Aucsig, 

BohemU. Hon^clilierg, quoted by Roth, HcUr^ t«r Ptiroyr,, 1873, 
p. xxxviiL 

* KUprotb, AyututU. der Herii*t Alad., 1801. 
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B Nomaa Ncph^linf PhoQoUtv. Wolf CornwAli. J. A. rhiUi|i«, 
Otx*i. Siaj., lail, p. 'J4S. DcKriUMl hj Mr. S. Alljiwt. See Also Ued. 
IS74. p. 46'J. 

C. NVphrlitH' NoMAii 8 ixUHu> PbonMiie, BUck HilU> DakoU. 

<7..v. (Mx'. ^Brr. , Nix I4ii» p. 114. 
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IL The Jirpheline, though otU-n Ahoiitl.int »nti j>iir]*)iyritir, 
is very seldom ch^ar and fn sh. 'I'io' t’onn uf itA se« lioiin, even 
in the earthy i>rt>wn decomjJOS»<l »Utr, nuskea it n-mliiy recog- 
nisable, The hexag nal section*, which are isotropic, must not 
li« alone c<»nAiderci!, rince tliey mav eaailv resemble, in tlnnr 
altere<i slate, tf,e . onumm sections ot h'lsean. 


The f^Upars and the groundmass, which contains i-onimutily 
aj*n.augu«-, jt-cd no rtMiiarh ordinary Trachyte). Tlio 



Fig. M. Kiphehne Irv'hyl* 
( tinii, Hrihentux 
^ X>. n, Ncphrlinc, in rretan 
guUr an<[ kexAgonal Mdioto, 


n‘-|ihelinc may, howover, oi'*'a*ioi,- 
ally (M'cur a.n minute rectangular 
and li' xagon.al “i-ction* in the 
ground ma.>s it.'<' If, and in tangled 
in tlic foUj.ar imsh. Kvrn in this 
truly mjcrov-opic condition, tlo* 
n gulai ly gr<»uj»*'<l i-nchwiurvs may 
tif'cji U' d' in the cfvstalh. 

>phen*' in a common accnioiorv 
amstituent. The presence of 
no«M'ah or b'ucite links nepheline- 
tnti hyt*- with the varielii^ which 
follow, 

LkI cITK - TiUrnYTK Lt.Ut lTli- 
blloNOMTK). — Here the jmlaHli pre- 

dominates largely over soila. htit. 


showjDjf rening. o, ()rth*^»r|.uni' 

(■aakiiM), in namarott* 
aad in Ktetlar groopi. I>ark 
|p«en |iatcbe« (so>ta-pyroxrnej 
aocur in tlic Hcmkrystalhne 
jpauKlmAM 


jwrhaps from a deficiency of silica, 
ieiirite ooempiea part of the place 
taken by urlhiadaMi m ordinary 
Irarhj^'U^ 

!• The leucitc ii often viiibU 
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only with the minoscope, Thtt rmk has a less oomjtact and more 
Mrthy Ujxtun* than the typical nepli el i lie- trachytes. Noscan, 
in (lull-iooking or dark altered crystals, is very often present. 

II. The ttliijost circular sectitnm of the clear and scarcely 
altered leucite, unless very minute, readily strike the eve. 
'I hey ATv sometimes distrihuU^d almost regularly through a dull 
groundma&s, and at the first glance I'eserable vesicles. The 
cfmraclcristic enclosures are better seen in the small than in 
the large fiorphyritic crystals. Hexagons of nosean, and sorne- 
timi'S iicpheline, are frequent accessorirs. 

Noskan- ot HaOvsk Tkacjiytk (Noseav -Phonolite). — The 
dull sections of the fi'ls|Mnhoid, sometimes earthydirown w)o‘n 
nosean, suinctiinei almost hluedjiack when haiivne, are com* 
monly visible on the surfuce nf the rock, and are easily detected 
under the micrfjscuj^e. 1 he no,si*an-ne|rh(*liri'‘-trachyle8 n^seinbie 
grey com pact tyjiir.al phonolile (as, for example, the U known 
Hritisii j>iionoiit^-, Ikuu tin* Wolf Kock, t 'ornwall). See analvsia 
B. Tin- iioj^i-nn h-itcite-phonuliles are typically of looser and 
more earthy te xture. 


111. ANMESlTia RICH IN SiLICA (RuTOLITIC AnOKSIIKs). 

'I'lii.s gnmp, in which tie- excess uf siliea may or may not he 
devehijKii ;is .juftrtz, ccuTesponds to the quart zdiorites aiel 
ijmirt/. aphanUi s. Itui the !att«‘r prnliably form a larger group, 
owing to their having Ixo-n developeil in many c.isesa.s quartzese 
“ i-pidioriles fnitn rocks in which the iKTceiitage of silica* w as 
originally lower. Verv many glassy rocks, however, that have 
U*en classed witli rhyoliu>.s have porphyritic crystals of pl^^gio- 
clase ; and tlieir chemical c<ini|K)sition would lead one to conclude 
that lit tie. if any. ortlioclase would be developed if the whole 
mass became holocrystalline. Such cases must be W’orked out in 
the field and correlated, ifp<mible, with holoorysUlline typea. As 
Mr. Hiller and Prof. Judtl have shown, the proportion of \Hir- 
phyritic crystals to glass is a very iinport:»nt element in these 
considerations, and a liand-sjHvitnen from one |iart of a rock-ina*ss 
must be referred to andesite rich in silica, while another, with 
more crvit*lN nmy be a normal or even Iwsio andesite,* 

The characters of the rocks of this group are so much the same 
as tbotte of the anti exiles which follow* that sejmrate description is 
unneceasary. Quartz grains, often corroded, must be looked for 
* thIUr, val. iii. (ltg>4), p. 6d3, and Judd, "Nsiarat History ol 

Iavw/' ifuV'i ^ 
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(m in the ** so nsmi'd SUchn, after Dscis) There is 

m greater tendency, njortH>ver, to ibe lonwation of glsssy tyjtos 
tbiui is the cose among normal ondeaites. The much altered 
farms with free quart* ore often called '* Quarts- Porphyriteo." 

It most be remembered that '^Qoarti-Andesites” may occur 
which scarcely fidl within this group, the bulk-onalysii yielding 
|>erhaps only 61 per cent of silica. Others seem merely to have 
picked op foreign quart* groirui in their passage to the surface. 
The quart* in such cases is surrounded by a green envelope of 
granular pyroiene. 

i>p4ci^e 6’rapfVy. — About -*65. 

V **I>acite.'’ Kii Seb«, TraniyWanla. I)oc|t<>r, 

T*t k<rm (JoArA. rf. HcirkumM), 1^3, p. *J‘2. Itiotite, H<»n» 

bl«nrk, Au^ite. A littk S«nMlinc, 

B. Hypemthene Aagitc*-.\n*lc»itc ; fonu, (hr eUia fumilMg 90 

per tTnt. cl the whole hulk, Kr^ksUw. Winkler, nooUnt by Jtnld, Hrrf, 
6 m. Krrdatom rc/vrf, port i., p. SSL 
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The name AndiSKitn, which was uju^I for ceriain lavas of (he 
,\mk» by von Huch, was r«wusciuted in 1861 ly U- tli* for 
rocks Wtwern trachyte and Isualt, oonsisting of oligoclase with 
omphtljole or pynjxefje. 

The group U a very Urge on»', its mentbem lining among the 
ciimmonext Uva* met with ; and two suUgmupa auggwit them 
vUes, which of course shade into one another, but whirh will 
serve to emphasise th»* difference of type at opjiodie ends of the 
serieo. Bee also ]*. 34d. 

* lh€ p. ilv« 
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Th« firat muI> group, called here “ trachytic andesites," cor- 
respond* to diorito* rich in silica. The second, the “liasaltic 
aimeiitea,” correspond* to the pyroxene diorites with basic feh 
S|iar8, and thus to the balk of “gabhros without olivine.” 

SuihgnMp 1. — Ihrachytic AndeuUs. Like trachyte. 

Commonly jwrphyritic. ConstiluenU — 1, Plagioclase (oommoidy 
Oligoclrtse); 2, H<»a-Augite, liornblendi, or Mica. Hometimes 
Hhomhic Pyroxene. Lithoidal to glassy ground mass. 

I. The marked feature of the and^ites is the absence of 
ortliochtse; in this subgroup the striaU^d oligoclases are abun- 
<lant and the ferro magnesian constituents are less important. 
The groundmasB is characteristically trachytic ; colour on the 
whole <lai ker than in trachyte. Hpherulitic and other structures 
characteristic of the more glassy rocks arc rare. 

The much altered and older examples (many of the “Por- 
ph) riti*8") are typically brown-red and almost earthy in ap[M*ar- 
«nce. Soarch should bo made in the held for the least altered 
ttoriions of the mass. 

Spee\/ic 6'ranVy. — About 2 75. 

Typi^ — l^oor iti macnt-itiA, ah* 1 fairly rich in alV.alios. 

A. HofnhleTKte Andejtite. WolkcnHurg. Hiw h<'f, L^hrh. 

ii, (Ual., t .Xud, hd. tl.,p. 2181. 

B. H«nil jIcimIc And<-*iti> with Augiic, Puy <le Ijouchadicrc, Auvergne 
Vuii LaMutx, Acwi «/aAH>./ur d/in., 1802, J'. Tift'. 
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II. The broad sections of felspar that characterise this typo 
of nndesile are often as fresh and ch^ar as sanidine. but show 
beautiful twin lamellation. Thu glassy groundmass has com- 
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moolr jH iuirnt^l thfra and worknl tar into ilit ir inU rioiii, the 
i*orr>>sion spri'rtdnif' racily along 
the planoH ol 04»m|Hmition of lli» 
twins. Tin* extent to wiiich 
iht'Ho pln^'inclast's have yie)<litl 
tn ihf Hit4U'k of the luagmn i« 
.1 I'raliire of grt'at iutorwt ; miuI 
the ext«'rnal matrix haa often 

iiull hv thi’ »h'Velo}»- 

neiu of crystal I itea, while the 
intruded jKirtions have preservwl 
a purely glaaay character. 

Tivp hornhiendea or mirns, 
agaui,s itler hy tlie development 
of an opaqU" l>Uck rn.ir;^Mn, 
and remain aa idack 

erauunir p,>eudMm<rrphs. 
liu'ii hroM n biotile is again and 
associate^! in theAe icK-ks 
with hurnblende, The lypiral 
jtyioxene is very pale green and 
is prol«b!y v-la augite ; and thonildr h>nns. generally p<K)r in 
iron, may a;>j>«‘ar. 

T)i* i^r«^undmaAi i.s lirownLsij :uid traehytic In ai'p'-aiaiee The 

g! i w h* re is pale at.d almost er)l<nirli‘SH. Kvidi ntxi 

of r!ow .are Ue.j Lent than in the traeliytes. 

The " P'^rphyriiea ^alf.-ted andesites* of ihi.s ku)^ group 
ihow tyj'i'o iV a brown earthy matnx, often with green jMMMnlo 
II JO r]. hr. after b: .titc. Tie hornblemle and pyroXtMie havu 
coinnioroy U- : :ne completely diAN, haMng odourless 
are.vn f-<^»undoi and traverM'd by strong opaipn- l^nds, which 
ar form*«l by the iron oxides out along the crnrks 

and on the margins of the original crysialjn The glass of the 
ground ma.s.*. ati 1 that ihtnid*’^! into the feUjmrs, can somelinu'S 
l^-- track'd a=i yellow arv’as 4> rupied by derom|K»sition proilui U, 
which rt'sembie MTfientine between t rosAe*! nicoja, 

Sh^-^oui^ 2 - Basaltic AndesiUa. Typically pyruxono Ando- 

liles. ’’ iJasait without olivin- " « ..rn-s here, wh-n there is ale.ut 
.Vj f>er cent or more of mljca Structure LiTiooial ; Hritnetimes 
with glassy interjjjiac--H (petwe^.n the (ny'td** (\nulUtmiU ~\ 
TUgiocliua :Oiigr>i:lase or, probably more p»fteri. Iabra*lorite; ; 2, 
AugUeo«T Khombic Fynixene. more rarely Hornblende and Mica! 
Magnetite* is conspicuous. Lithotdal to glassy groumlimiss 

I. In api^^rarance theu* rt>cks arc darker and compa< U;r than 



Fig. S-x — Hoii\' *h'nde • .\cd^ -.itr 

(’.rai.hyt: SoTitm: of 

llemn NrMs, SrxptliD^I. • 7. 
K, Hre» II horiiMeail* p, 
PLigi'H'iAi*.', oOeji much cof 
r--i'd y ih.' iir»cjnd, 

!• rr.!ci)*'..Ad:ne gromiil- 
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tho've of th<t pnxr'iliiig sulhgroup, and approach the haaalta in 
texture, bwoining even Muck and notably heavy. The rfK:k 
t<’ndH U) break runchoidally, and u spljcroidal structure in the 
inuMH is not uncoiiiinon, whicli is developed, with oniondike effect, 
by weathering. Tlof porpliyritic cryfitaU of jdagiocla^^e are 
fjfU'ii accom|rtinied ]>y well deveb>j>ed [fyroxcnc, the stout Idack 
priainH of which sUind out on the .surface amid the deep brown 
groundinuks. 

The moka of the rock ajjpears microorystalUne to the eye and 
leoK, the HI I tall rod -shaped felspar prisms Udng often discernible. 
Jt ia scratched by tlie knife, leaving a ligiit streak. When 
inucli glass is present, dark area.s aj»pear, with a quurU-like 
and ranchoiiial fracture, between the crystals, and the 
whole rock may havi* a speckled vitreuiis lustre when turned 
liltoiit in the iiaiui. Spherulile.s, handi g. li'c,, are nire ; and 
.sci^riact'OUR ratlnr than pinniceous structure accomjsanics the 
examplea gathered from lava .streams. 

J’he inucli altei i’ti ly[M’.s(pari of “ Purpln rite " and “ lHaha.se”) 
are commonlv reddish, like tho.se dmvMl from tlie tnalivtic 
amlcsitcK ; 4>r compact black, like many of the nxks styled by 
llmngniart '* Melaphyre,” * a number tif which must oniiie inUi 
this .sub group. 

iSyxci/ic ffraciti/ — vVbout '2 “^ to 2 0. 

TypUnI Hi. licr in litiie and iiiacnosi.x and r in afkalici 

than pr’*< «>ling «ub ^r«iup. 

A, ,\nde.si!«‘, I'ungur.icca, .NiMh s. Artopt-. lo iL.itli, 

fUUr<i^t iUi i'rir(yji , Isili, p. vlvi.t 

B Hyjxr-llK iie-Au.;U<- Ainh-,«itc. lliilS.iIti I'c.ikf*, Mtilebranib 

HuU. if.S. .s'urtvy, >,'(>. 1, p, g6. 

C Pyroxene .Andftn*-. PelM. Sh.aMa f’o, , r ilif. rnia. Mrlvilli . /?«//. 

V,S. OVo/, .s'»rr,, .N>>. ll'.S MtHU . p. IT*'. A Ir.O'c af nlivinc. 


A. B. C. 


SlH, . 

Al.O, . 

. .^S 



Ifi 74 

ik-n: 

IS'P.'l 

Fr.'o, . 


4 5)19 

2-02 

IV 0 . 

’ ! 

4 4;u 

.V56 

.MnO . 

. . n.Ai 

Ir.o'c 


t'aO . 

. . nsi 

tv 9% 

8 40 

. 

. . 4 S4 

im 

Tv 17 

K A) . 

li^4 


0 74 

Na.n . 

. , 4 fii) 

2%\ 

4 23 

Hi). 

n;ti 

1 •tV.N 

n-29 

. 


0 gfii’i 

Cl o oj: 

trace 


KioiT 

99 Wl 

100 42 


• </« l^ochtf .fWntjjT/rjt, |S|3, p, 4^. 

t riin gluav Riide^ite of I*>kdale, Punifru’i, l»ai* a clo»ely timiUr 

coai|)0«itton. Ste I fall, l*tIrogr., p. HKi. 
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ComiiaiT ilMcripUon of olivine bAS&ltft, \\ 257. 
n. In sections tl»e prominence of pyroxene, whether pale or 
strongly veHow brown and purple brown, and the com|>arative 
lack of hornblende and mica, strike the eye at once. The latter 
min^'rals arc, in fact, typically absent 
Augite occura porphyritically. and has developed abundantly 
in the groundmass in the mure Wic ty]^s (^‘l>asalu without 
olivine**), occurring there as grain-like crystals betwe^'u r»Kl- 
siia^ied felspars; the rock |iassc*8, by exclusion of the interstitial 
cryptocrysulltne matter, into typi«l “dolcrite without oUviue.** 
Knstatiie or hjpeutheoe is common (fig- 36, 4). 

The plagioclase, when porphyritic, is freely oorroded, pro- 
serving a general prismatic outline, though tlm interior may !« 
Largely replaced by a maxe^like structure of brown glass. As 
aljove remarked, a mesh of tod-shaped plagioclases developes in 
the groundmasa in the most basic types. 

Ill Miine varit ties of andesite from near Tetaehen in ilohemia 



tig. 3fi ~A. Pyroicnr An^tadie (baialtic type), Kretnoits, fTnugiry. a 
U. p, PlagiodaM. r.p, Rbombk pyrrixane (emtattU). C'^itaU of 
msgnetite occur. L>ftrk hemtrryit^bnft gnmn<lauuMi. B, OUany 
Fyi^ixenc Andesite (hanaltic type). I>)'ke, LUktUle, Immfriea *• 4ti, 
a, (iranular augite, <illen «et wtlh rvliattiig micnilites from the glamiy 
grrmndjnaia. «, I'lagi^eLue in varioun stages of growth, often with 
ehaneteriaiic bilanating and jm^>ttip!rte terminationii. Uagtielite 
ooenra This rock cidybitx the rh^r brown intersUllal gUaa typical 
of many nonMnetital an|ite an<leait4Ni and " porphyrilea^ 


the felspar is mainly in the cryptocry stall ine groundmass, In 
which alwuidaht microlitl* of brown bomblende have devetopeii. 
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The porphyritic crystals are, on the other band, large augitea, 
with very pronounced idomorpbic characters in aection. Tbis 
rock will serve to show how removed the basaltic andesites may 
be from the trachytic type. 

The groundmass is characteristically brown, with at times 
akrjcton'Crystals I'croasdike forms) of ni^netite. When com- 
pletely glassy, it is a warm transparent brown (f!;;. 36, //), in 
which the welbdebned crystals ot the final consolidation lie. 

When the groundmass appears filling the interstices of the 
felspar me^h, it is described by Rosenbusch as “ intersert'd.'* 
Were it now to become converted into large crystals, it would 
often result in an ophitic stmeture, since its composition must 
often bf' near that of a pyroxene, the felspatliic matter having 
been withdrawn from it. In the same rock -section the structure 
of a basaltic andesite with a felsjtar mesh may be seen in one 
part, and that of ophitic dolerite in another (compare fig. 39). 

The '* Porphyrites^of this sub-group show a yellowish substance 
in the place of any original glaas. The rhombic pyroxenes are 
decompose<l to green fibrous forms ; the augiies are often replaced 
by chlorite, and the felspars in large part by calcite. Specks of 
c^dte may also appear tliroughout the groundmass. 

Vurieltei of A^tdetiU . — Beyond the above broad divisions of the 
andesites, we may exj)ect the following varieties : — 
NKrHBtiMs-ANni:siTE (Nkpuelise-Tephkite). - The “Teph- 
ritea " are a plagioclase- series | Aral lei to the phonolitcf, and 
eomnumly amtaining soda-augito. The mime -is unfortunate, 
sin«! the old “Tephrnu's"’ are rarely “ U-phrites" in the restricteil 
sumse of Itosenbuscb, being mostly rough grey andesites. 

*' Baaanite" of Kusenbusch ts a tephrite with olivine; such rocks 
will W classed here as varieties of olivine-basalt The “basanite” 
of Bnmgniart (1827) was merely a porphyritic basalt A 
“ tephrite " is practically an andesite with part of the felspar 
replaced by a felsj>athoid (p. 347). The nepheline-audesites seem 
ratrr tlmn the nepheliue-trachytea. The silica sinks to about r>0 
per cent 

Lkicite- As DESITE ( Lkucitb-Trph RITE). — The leucites are 
ofbm c<mspicuou8 on the surface of the rock, as in the tine 
example from Tivitk Castellaim near Viterbo. 

Noskak- or H At) YNE* A ndesite (Noskan-Tephrite).— Haiiyne 
it more prevalent than nosean, doubtless owing to the pn'sence of 
lime rulher than soda in the molten rock^ A very fine example 
is the nivcalled “Haliynophyre” of Melfi ; some parU of this rock, 
with only 43 per cent of silica, cannot fairly be ranged as andesite. 

Soif fo (A« jtad-'iiVw - PaoPYl iT^ tiKd by von Richthofen for lb* oldeet 
Ttriury eodeeitce, Km b»eo revived by Koeenhoeeb for those fiwmi la 
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which sltatAtioQ bu been duo to solfaUric action. The typical propylitoa 
in tbia sense are i.'ompact grey rooks in which the hornblende and niotite 
are converteii into green chloritic pseudomorphs, while the felspars have 
often given rise to epidote. Iron-pyrites is in some cases abundantly 
developed in minute sparkling crystals throughout the rook. To accurately 
diatinguish between this kind of alteration and that of the ordinary 
“ porphyrites ’’ retjuires careful study on lype oxamples. For preliminary 
purposes neither name need be usetf, “altered andesite ” being sufficient 
and comprehensive. The Fropylitea have been fully discussed by Frof, 
Judd ((^arf. Jounk. Geol. vol. xlvi., 1890, p. 341). 

SUPPLEMKST, 

A soiiiewbat interesting group of rocks fAlls here, the mero- 
crystalline Nephelinltes, Leacitites, kc., whidi are nnich betci^r 
known than their ho locry stall ine representatives. As Prof. 
Liwson has siiL'gesteil (.see p. orthocl^use may, in the latter, 
sometimes represent the leucite of the lava* type ; and, simibrly, 
other fel .spars may represent the other felspatlmidH. Stnirturt — 

( oinmonly porphyritic, with a trachytic aspect. Vonstitumtji— 
1, Nepheline, Nosean, Uaiiyne, or leucite; 2, Pyroxene, An>plii- 
bole or Mica. Lithoidal to glassy grounduiass. 

Monchiquite ii a nHT<» rvstallin)* n‘|iiesrntative of e.imptofute, 
oitvn with anrilcite in its gfinitulinavs. 

I. The itlwnee <jI iVUpur nuiV not persist tlinmghout tjn‘ same 
KM-k mass, and a Nepbi'linirc may tlius graduate into a Nepliellne 
andesite. 

Tile following is a tyjiical analysis: Noseati I^Muitile. 
Itiediu, Voni llatjj, tl. d </"d. p. 97. 

(See tig. 117.) 


?^i()., 48 -A*) 

lii'i'i:; 

h € 

f.’aO jH’J 

MiiO 1 

, , * • , (i ii J 

Na.l) , 9 42 

SO, I OS 

Ct)j . . 110 • 

Cl , 0 *2i» 

H,0 1-U4 


101'3H 

fn propf>rtifm of silica these rock* resemble the Ixisic and 
nltraliasie series, in alkalies they may sur|>jvsH tlie 

phono/jfes. 

11. 7'he pyroxene is a green wsla angite, often inarkeiHy 
pleochrf»ie, or a brown sugite, as in the batiyne migile ns k of 
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Neudorf; the former type is common in rocks of a trachytio 
character, and the latter in those of distinctly basaltic aspect 


no 



no 


Fig. , — Noseui ■ Leooltite. Riedeo* 
EifeL X 7. a, Dark green pleo* 
chroic soda-angite, often zoned /, 
Leacite,inclading small soda-augitea 
and microscopic haiiynes. no, 
Nosean, with darkened and corroded 
borders, HemicrystalUne ground- 
mass. 


V. Oliyinb-Basalt Oeodp. 

If we remove the few rocks 
of basaltic type in which 
olivine is not present to the 
sub'group of the basaltic 
andesites, the present group 
might bear simply the old 
name “ Basalt." To avoid 
any misconception, how- 
ever, we add, as in the 
case of the holocrystalline 
representatives, the prefix 

olivine.'* 

Olivine-Basalt.— 

iuro — Lithoidal ; in |>arts 
ophitic. Cotutilumli — 1, 

Plagioclase (commonly La- 
bradoritc or Anorthite). 2, 

Augite ; Rhombic Pyroxene at times, but less frequent than 
in the basaltic andesites, its place being taken by olivine ; 
Mica or Amphibole is rare, particularly the latter. 3, Oli- 
vine, Magnetite and titanic iron ore often abundant. The 
glassy groundmass is commonly reduced to very small pro- 
portions. 

I. The rock is dark and compact, often absolutely black when 
fresh. The greyer varieties sometimes simulate limestones, but 
ihoir superior tiardness must be noted. The knife produces, 
however, a light streak on surfaces of basalt. When altered, 
the rock is softer, with a greenish grey or brown tinge. The 
joint-surfaims become strongly coat^ with brown ferruginous 
products, and a spheroidal structure, as in basaltic andesites, is 
commonly seen, the successive crusts of the spheroids being 
removable from one another when decomposition has emphasised 
the surfaces of separation between them. 

In the field, besides this structure, the abundance of straight 
joints is noticeable ; and the basalts exhibit the columnar structure 
in the most perfect manner, the base of thick lava-flows giving rise 
to large and more tegular columns, while the upper portion is a 
mosH of irregular ana curving forma The meeting of these two 

17 
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types of C4»1uinnar rock in the interior of the Uvt stream occurs 
along a plane which appears to divide the nuiss into two distinct 
flows: and careful field-exainination must in consequence be made 
l)erore the true upper limit ofan old lava-stream can he determined. 

Thougli sooriaccous types are common, glassy structures are 
very rarely encountered in basalts in the field ; out tlie crusU of 
some recent basic lavas provide examples of spbemlites, pcrlitic 
jointing, &c., which repeat all the features of more acid types. 
The “VarioUte” of the Western Alps, Liguria, ic., is a remark- 
able case of the formation of such crusts on surfaces of basaltic 
suidesites or olivine-basalts. The glass of variolite is now lost 
by secondary devitrification ; but the spherulites remain con- 
spicuous, and form on weathered surfaces the pustular markings 
from which the rock reciived its ancient name (uario^d = the 
small-pox). (See p. 267.) 

Basalt dykes fairly frequently show remnants of glass along 
their planes of contact with the surroumling rock ; and some- 
times this material has a distinctly vitreous lustre and a thickness 
of one or two inches (see Tacliylyte in division C). The ixnrk 
becomes rapidly more crystalline from this selvage inwards, until 
in a few feet it may be practically a dolerite. 

The minerals of compact basalt, as may be seen from the classic 
research of Cordier fp. 110), are difficult to determine with the 
eye, although the litiioidal mass contains hut little glass. The 
olivine is almost invariably porphyritic, but is lost to view in 
the dark groundmass on decom position. When fresh, its striking 
yellow-green crystals, contrasting with the black prisma of por- 
phyritic augite that may also occur, readily call attention to the 
basic character of the rock. 

The pUgioclase, when porphyritic, is often tinged faintly green- 
ish, owing to the general alteration of magnesian silicates routid it. 

The altered olivine- basalts form part of tlie old “ Melaphyres.” 
Such rocks are very commonly amygdaloidal, owing to the easy 
decomposition of the basic silicates and tlie formation of serpen- 
tine, zeolites, calcite, and chalcedony in all the vesicles and 
cavities. The typical colour of these “melaiffiyres" is green 
rather than black ; others, with extensive oxidation of the iron, 
resemble the familiar brown-red “porphy rites.” When the lime 
has scfiarated out as calcite, and the soft moss ha.H given way under 
presaare and Wome shaly, the “ SchalsUin ” of the Germans is 
produced (“Spilite** of Brongniart). Many “schaUudns ” ere 
derived fri>m basaltic andesites; others from various Wic tuffs. 

It is impossible to distinguish between many so-called olivine- 
diabases ** and " melaphyres.'' 
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specific OravUy. — Near 2 '9. Lowered bj alteration to about 
2 * 8 . 

Typical AtuUy$es.~~A. Pine tiilb 8. Britain, Connecticut. Eillebraod, 
Bull, U.8. Oiol. Surv., No. 168 (1900), p. 35. Unaltered rock. 

B. Etna, eruption of 1865. FucKs, Jvetia Jahrb.fur Min , 1865, p. 71<1. 

C, Eichelkopf, Hesse. C. Rothe, 1863, quoted by Roth, Ikitnige z, Petr.:, 
1869, p. cx, Porphyritic Olivine visible. 

0, Itolsndseck. .Mitsoherlch, Zeitschr, d. d. geol. Oestli,, 1863, p. 372, 
Porphyritic Olivine and Augite. 




A. 

B. 

C. 

D. 

8iO, . 


62-40 

49-27 

46 65 

44-17 

TiO, . 


1-08 


3-10 

1-46 

AljO, . 


13-55 

18-54 

9-57 

14-69 

Fe,0, . 


2/3 

6-98 


6-78 

FeO . 


9-79 

5-62 

14-42 

4 82 

MnO . 


0 26 


0-27 


CaO . 


10-01 

10-38 

8-58 

I0-42 

MgO . 


5-53 

3-76 

10-05 

9-47 

K,0 . 


0--10 

2-22 

1-76 

1-75 

Na,0 , 


2 32 

.3 45 

2 '59 

2-95 

H5 0 ami low on ignition 

167 


2-06 

2-50 

Other constituents 

0-25 






99-99 

100-22 

99-01 

99-01 


11, Typical sections of olivine-basalt show porphyritic olivine 
(fig. 38), Bometimf'H witli purple or brown augitp, in a ground- 

a 


ol 


Fig. 38.— -HasaH, Lion’s Haunch, Arthur's Scat, Edinburgh, x 8. a, 
Augite, of, Olivine, altering along enreks into fWo green serpentine, 
p, riagioclase, often corroded by the grouixlinoss. Some magnetite. 
Hemiorystalline gronndmass, in which the glas.^ is much reduced by 
the abundant development of mlcrolitei of plagiociase and augite. 
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mass formed bj a mesh of plagiocliuw with iuterstitial angite 
granules. Close inspection with liigh powers reveals traces of 
glass^ contuning magnetite (in skeleton forms) and little globular 
or rod-like cryatallit^. This glass is sometimes colourless, some- 
times earthy-brown and full of dust-like crystallites. The small 
proportion which it commonly bears to the crystals is in itself 
evidence of the basic character of Uie lavas of this group. 

The olivine-basalts easily pass into ophitic or ordinary doleritos 
(fig. 39). 

Magnetite or titanic iron ore is commonly well developed ; 
sphene, except when represented by the alteration-product 
** leuGoxene,” U absent 

Rhombic pyroxene becomes rare as the olivine increases. A very 
pleochroic jiale biotite is occasionally met with ; but hornblende 
is particularly rare. The sods- 
Bugites are naturally absent, but 
nmy re-appear in the basalts 
containing nepheliue, Jcc. 

In the more altered types 
melaphyres”) the pseudo- 
morpbs after olivine must be 
looked for, and appear yellow- 
brown, olive-green, or almost 
black through separated iron- 
oxide. A quantity of isotropic 
to cryptocry stall iue green or 
yellowish matter occurs between 
the felsiiars, representing altered 
pyroxene and glass. The former 
extent of the glass is thus very 
often difficult to trace. Epidote 
and calotte arise freely in these 
types, often within the felspars, 
and zeolites form fibrous aggre- 
gates in the cavities. 

VarietUs of Olivirt&^Bamll . — 

Basalt rich in Olivikb. In 
some of these rocks the oHvino is 
seen to be very abundant when a 
hand-specimen is examine^], the yellow-green porphyritic crystals 
being c^)nspicuously set in a dark groundmass. In others, as at 
Breis, Eifel, nodules of olivine and rhombic pyroxene, some G cm. 
in diameter, lie emMdt-d in a normal cotnpict basalt. 
Nkphilikb- Basalt (" Nepheline-Basanite^^ of Rosen- 


ol 


Fig. 39, —Basalt pwiog into Ophitic 
Doleritc, Tobetroo^, Mull. 
X 25. a, Angite, devclopetl 
around the feupan in large 
ophitic crystaU without dedned 
outlines. In other places, to 
right and left, the hemicrysub 
line haaallic grotmdmau is seen 
in the intentioei of the felspar 
- mesh, of. Olivine, p, Pla^o- 
clase; small prUmatio habit 
characteristic oi basalts. Mag- 
oetite also occurs. 
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busob ). ~Iti coriforinitj with the common system of nomenclature, 
we imply by this term a basalt which contains nepheliiio in addi- 
tion to its ordinary constituents. 

The felspar is likely, however, 
to be diminished; and when its 
place is entirely taken by nephe- 
line wo have an oUvine-nephO' 

Unite. ^ 

LeucitE' Basalt Leucite- 
Biisanite ” of Kosenbusch).— - 
This is a common lava of Vesu- 
vius. The leucites arc typically 
conspicuous and porphyritic, 
the plagioclases being small and 
rod-like in the groundmass. 

Olivine is not abundant The 
colour varies from grey to black. 

Some leucite-basalts, how- 
ever, are like the ordinary 
olivine-bearing types, and the 
leucite is only to be detected 
by the microscope. 

Tt/pical of Vesuvius, 1807-68. Specific gravity, 2-791. 

Fuchs, Nfua Jahrimeh fUr Jfin., 1869, p. 70. 


SiO, 

46-04 

Al,i), .... 

21-35 

Fe,(», .... 

. . . . 7-27 

FeO 

4-96 

MnO 

trace 

CaO 

9*69 

MgO 

. . . . 378 

K,0 

5-57 

Na,0. .... 

1-62 


101-18 


HaOynE' Basalt.— Many rocks so described may be classed as 
hauyne-andesites. The hauync may be porphyritic, or may be 
minutely distributed in the groundmass in the place of prisms of 
felspar. 

SUPPLEMRKT. 

The Olivine-Nephelinites, OUvine-Leacitites, &c., form a .small 
group; but then; are some singular rocks among them, notably 
the so-called Molilite-Bosalts,” which consist largely of melilite 
and olivine. They yield only 30 cent of silica, and are thus 
extremely ultrabaaio. 



Fig. 40.— Leucite-Basalt Vesoviu*, 
X 12. a, Augite, iu one instancf 
surrounded by small leucites. 
I, Leucite ; two large crystals 
lie in the upper part of the 
field, p, Pla^oclaae, aMociated 
with small leucites in the dark 
glassy groundmass. 
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2(>2 

Meiiltto j(A!, Fo). (C’ti, Mij, Nii,),; Si.^ 0,„] is u rare mineral, 
but mav bo seen in the bo! low. s of sonio lavas wiili tlie imktKl 
eye a>! well devolojK'tl l>rown aiul guinniy k)ukin|r tetragonal 
priMiis, At Capo (li Hove, near Homo, there is a itMiiarkahle 
lava, with 46 per cent, of siliea, in which the molilite ophiti- 
eally encluses small leu cites. In other nK'k.s it may l»c 
prismatie. Its double refraction is very weak; refr. imlices 
alx>Mt I ‘63. 

Limburgite (Kosenbuscli, Aeties Jahrb, /tir Min., 1H72, p. 35, 
from Limburg in the Kaiscrstuhl area, near Kroihur^-im- 
Breisgau. Synonymous with -M old’s Alagmalrtwalt").— 

- Lithoklal to glassy, wdth porphyritic ferro- magnesian minerals. 
C(»tsti(HcnU — 1, Pyroxene ; 2, Olivine. Magnetite, titanic iron 
ore, and apatite are very common. Iktlioidal or glassy ground- 
mass. 

L This rock graduates in the field into one in which felspar 
has deve!o|i<*d, and ITof. Bonney Iiun clearly shown (t/W. Matf., 
11)01, p. 412) that its true alliance is wirfi the olivine-l»asjilta. 
The rnck of Holandsrck (analysi.8 on p. 259 j provides a link 
between the latter and the ultrahasic ]im!)iirgJte^ Linilmrgite 
differs from the peridotite grouji in tiic low percentage of 
magnesia, llosenbusch’s “Augitite” is a limburgiu^ witliout 
olivine. 

.Si^cijic (rvaviii/. — A rather glass v example gave Hoseubusch 

2 - 829 . 
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Ro«cnluBch, loc. cil., p. 54. 
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n. In section* the glass is strongly brown, and may (ontain 
numerous skeleton -crystals of magnetite. The abundance of 
porphyritic crystals of augite is the most striking feature. 
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V'^J, MeuOCKYSTALLINE pKKlUuTn'E (jROUP. 

Owing to the ready crystallisation of peridotite-rnagiHas^ these 
rocks are little known, and require a determination of at least 
silica and magnesia for their correct appreciatioou 

C, Highly Glassy Rocks. 

In the field there is little difficulty in comparing with their 
litlioidal relatives rocks in which the constituents have not 
separated out from the glassy magma. But such rocks in isolated 
hand-specimens are incapable of accurate determination. The 
porphyritic crystals, belonging to a previous period of consoli- 
dation, may be widely scattered and afToid no clue. Chemical 
analysis of the glass, with or without the crystals, or even 
ortlinary flame-reactions, will give a fair idea of the ix)teiitialities 
of the individual specimen ; but the holocrystalline type, of 
which it is, f>erhap8, merely a selvage, may prove to be of more 
basic character than the glass itself suggest^ When the mode 
of occurrence and the alliances of the specimen are known, it 
may be described as rhyolite-glass, andesiie-glass, <kc., when 
fairly free from crystallites ; or as rhyolite-pitchstone, andesite- 
pi tchs tone, (kc,, when the development of these minute bodies 
has imparted a resinou.s lustre to the mass. The term Pitch- 
SToyK is thus retained In a wide and really textural signification; 
the fact that such rocks are commoner among acid lavas did not 
prevent the earlier writers from speaking of the passage of biisalt 
into pitchstone. 

The pitch.stone-condition of igneous rocks may be brought 
al^out hy the commencement of secondary devitrification as well 
as by the presence of primary crystallites. In such cases micro- 
scopic sections will often show how the crystalline particles 
have arisen along cracks, such as the perlitic joints, instead of 
being uniformly diffused or drawn out in bands througnout the 
mass, as occurs when tliey are of primary origin. 

When it is impossible to use accurate prefixes, the highly 

^ rocks may be conveniently classed under one of the 
ing groups, i.e., merely as obsidian or tachylyte.* 


* ]*'or llm iMihaviuur uf tmturai gla.‘(&es on treiitment before the 
blowpipe, ftce p. 104. 
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I. OfiiiiDUN GruOP. 

Obiidun is an oUl t«nu, said by Csesalpinus to bo derived from 
ObftidiuS) the discoverer of tJie rock. It may bo applied to the 
more highly silicated glasses; these are also fairly rich in alkalies. 
Their common ebameters are a low specific gravity^ a marked 
coDchouIal fracture, a high fusibility (about 5), and colourless 
or pale sections in which magnetite is not conspteuoua Small 
splinters are commonly transparent, not merely translucent, on 
thin edges. 

Perlitic or columnar jointing occasionally interferes with the 
broad coucboidal fracture. The larger joint-surfa(^ are usually 
dull and stained with brown iimonite, and the banded or other 
structures can be well seen upon them. Fragments of lithoidal 
or glassy lavas, often from other portions of the same flow, are 
common as enclosures in the glass. 

Rhyolite-Glass. — I. Tiiis is the most completely vitreous rock 
in nature, and forms the obsidian of Lipari and the Yellowstone 
Park. It is black or greenish in mass, like bottle-glass, and is 
almost colourless in thin splinters. Some varieties are glossy or 
almost silky -looking through the presence of minute vesicles, or, 
when inclining to the pitchstone-type, through abundance of 
minute crystallites. 

When perlitic structure is well developed, as may be seen on 
the joint-planes, or by the globular forms on fractuird surfaces, 
the rock becomes pale and sometimes pearly in lustre through 
the presence of the minute cracka B^utitul examples, often 
called “Perlites,'* occur in the Hlinik valley, near Chemnitz, 
Hungary, and at Sandy Braes, in Oo. Antrim. 

Kbyolite-glass may contain porphyritic crystals, sphenilitcs, 
or lithophyses, and wit] exhibit in the most perfect manner the 
banded, fluids], and pumiceous structures. The larger spherulites 
are often hollow at the 4»ntre, probably through the action of 
fit marole* vapours and permeating liquids, which have bad little 
effect upon the surrounding glass. ^ p. 98. 

The old glasses altered by secondary devitrification cannot bo 
distinguished megascopically from the similarly altered lithoidal 
rhyolites. In North Wales, as on the east flanks of the Qlyder* 
fawr, the Ordovician obsidians contain hollow spherulites an inch 
or two across; and the lithophyse-structure is well seen here and 
in the bill to the north of Conway. 

Sfecifie (JravUy . — About 2'35. 

ll Abundance of colourless imperfect rod-like crystallites 
(hg> 41), and occasionally of the opaque bairdike curving forms 
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known u ‘Hrichites/’ characterises sections of rhyoUte-glaiis. 
As the pitchstonecondition is approached, the microlites are 
seen to be more numerous and their crystal-outlines can often 
be determined. They rarely build up anything approaching the 
skeleton-crystals of more basic glasses, but aggregate into sheaf- 
like and plumose forms, often of exquisite delicacy. The pale 
green hornblende microlites forming feathery groujwi in the 
pitcbstone of Corriegills in Arran are among the best known 
examples of<tbis axial and curvilinear type of aggregation. 

The glassy matrix is colourless to translucent brown, or often 
colourless with browner bands. 

Sphorulitic and perlttic structures can be studied admirably in 



Pig. 41 . — Spheralitic Obsidt&n. 
lleaver Lake, Yellowstone 
Ptrk, U.S.A. X 12. Brown 
snberolites in oolourlees glass. 
Numerous microlites in uuidal 
lines, and minute colourless 
spherolitesi best seen where 
included in the later and larger 
wee. 



Fig. 42. —Altered Sphernlltic Ob- 
8i(lian{“Pyromeride”). Wuen- 
heim, Vosges, x 7. Various 
types of perlitic structure are 
seen in the devitrided but once 
glauy matrix. 


rhyolite glass, and they frequently occur together. The perlitic 
oMidians of the Wrekin area, devitrified by secondary action, 
have been figured by Mr. Allport {Quart. Joum. Ged. Soc.^ 
1877); and the typical “pyromeride” of Wuenheim in the 
Vosges (fig. 42), with reddish spheruUtes and perlitic matrix, 
can be exactly paralleled among the glassy rocks of Hungary. 
(See p. 244.) 

Traohyte-OlaSB.— I Like rbyolite'glass in most respects, but 
with typically a higher specific gravity 2'4), and a greater 
tendency to the production of pitchstone'types. Ischia provides 
many examples. 
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II. Quarti is rare u a porj^yritic constituent, and aihite and 
oligoclase become common. Glany matrix and structures as in 
rhjolite^gUai. 

Andesite* OJass in part — The typical glass uf the rhyolitic and 
trachytic andesites may rank as obsidian } that of the basaltic 
aitdeaites is tachylytic. 

I. Though the pumiceous ty}H^s are not distinguishablo from 
those of trachyte or even rhyolite, the glasses are less pure and 
are duller in lustre. They are, moreover, rarer in \he field, and 
even tlie pi tchstone' types contain so many well developed crystals 
that they readily pass into a lithuidal condition with more '*iutor* 
serial glassy interspaces. 

Specific Gravity . — About 2 5 to 2'6. 

II. 'fhe porphyritie crystals are piagioclase, soda-augite, and 
occasioually enstatite, often with biotite and more rarely horn- 
blende. A mesh of felspar microlites may be seen developing in 
the grouudmass and foreshadowing Uie “felted” appearance so 
characteristic of lithoidal andesites. SpheniHtes, and other 
stmctim's inconsistent with the formation of abundant in 
dividuaiUed crystals, are rarer here than in the glasses pre- 
viously descrih^. 


n. Tachylytr Gaour. 

Hrcilhaupt ♦ projiosed this term for a basic glass — treated by 
him a.H a mineral— from the Sasebulil near Gottingen, the woni 
indicating “rapidity of fusion" before the blowpipe*. Despite 
frequent miss[>elling, the “y" in its termination and 

>,uTo;) should therefore be preserved. The name appears to be 
synonymous with the “ GatUnace of old authors — a term known 
to Faujas St. Fond in 1778, and derivetl from the galliaazo, a 
black carrion binl of the Andes. The tochylytes are basic 
glasses, and are naturally of more limited occurrence than the 
members of the obsidian group. Their common cliaractera are 
a fairly high specific gravity, abundant close-set joint-planes, a 
low fusibility (about 2 -5), and dark -colon red or even opaque 
sections. Small splinters may show neither transparency nor 
tranalucency. They l^ecome soft by hydration, producing an 
altered mixture of silicates styled “ Palagonite ; when fresh, 
however, they are as hard as obsidian ( » about 6). 

Andesite- OlftSB in part. — The glass of l)asaUic andesite falls 
here. 

* Aai<»«r'« drcAiv/tfr* dk yuammit Natufifkn^ Bd. vii. (1826), p. 112. 
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I, This material, even in the pitch.stoiie-comlition, is rare, but 
may V>e found on lava-surfaces and in some dykes. The colour is 
tb ej) hrowii to black, but the surface only occasionally attains the 
hi^h vitreous lustre of obsidian. Certitin interesting hy j>erstheiie- 
andesite-glasses from Hungary show red-brown spheruliU's in an 
almost dull black ground. These spherulitic types possess ad- 
ditional importance on account of their resemblance to the 
“ variolitc” of the Western Alps, Anglesey, (kc, 

“ Variollte " is, in fact, a form of spherulitic andesite-glass or 
basalt-glass, altered by secondary devitrification. It is dark green 
(or rarely grey-brown) with light greenish white spheruiites, 
wliich are sometimes ’2 cm. in diameter. In the ty])ical area of 
Mont-Genevre, near the source of the Durance, it occurs very 
extensively as a selvage to the surfiices of much altered andesitic 
or basaltic lavas. In most collections pebbles of variolite occur, 
which have been gathered in the rivers of the H antes Alf)e8. 
Dn some of these perlitic structure may be noticed, the cracks 
Bpi>t‘aring of a lighter green tint through the development of 
epidote. 

Oravit}j . — About 2’65. 

II. The features of the andesitic obsidians are found here in 
an exaggerated form, and crystallisation is carried to a farther 
extent. iVrlitic structure is decidedly rare. The ‘‘ pitchstone ” 
of Eskdale in Dumfries is an approach to andesitic tacliylyte, 
ami is full of well marked felspar crystals (see fig. 36, B). 

The spherulitic varieties repeat the general characters of the 
corn'sponding acid rocks; but the splieruUk-s, which are brown 
in section, may often appear complex, as if built up of rays of 
different composition. This view is supported by the different 
extinctions of adjacent rays or sectors. The constituents of the 
spheruiites are markedly pleochroic. 

The glass is typically a yellow-brown, a colour sometimes 
retained in the palagonitic altered examples (fig. 22, p. 196). 
Most of these are, liowevcr, green; they show a faint effect 
be tween crossed nicols, owing to the double refraction of the 
hydrous constituents. By development of magnetite dust and 
minute aggregations of dark crystallites, the glass may become 
practically o]>aque. 

The variolitic varieties, corresponding to the “pyromerides” 
of the acid series, have a greatly altered ground mass, in which 
epidote is extensively developed. The spln rulitos consist of deli- 
cate feathery and bmnehing rays, and lose their sharp Iwundary 
in specimens collected about 5 cm. from the original surface of 
cooling of the rock. As this ancient glass passes into the lithoidal 
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luass ol the lava, aro^is of radially arranged felspar, which are 
sections of spheruJitic gi'oups, take the place of the typical 
spherulites in the slida 

Olivine -Basait- Glass. — 1. This is the typical Uohylyte, and may 
contain porpbyritic olivine in the most basic oxamplea It 
occurs as lava-crusts, sooriaceous or compact (as in Hawaii), or 
iis a selvage to dykes (as in the Western Isles of Scotland). It 
has a vitreous to resinous lustre, and is black or blue*blaok, with 
dull brown joint-surfaces. These are often so numerous that the 
true character of the rock appears only on artiticiai fracture. The 
typical glass is barely translucent, and the abundance of magne- 
tite dust in some examples makes their powder magnetic. The 
easy foslbility must be noted. 

Dull brown spherulites occasionally appear. Sooriaceous 
slaggy types are common among modern lara-surfaces ; but 
pumiceoQS typ^ are very rare. The "thread lace scoria*' of 
Hawaii and toe filaments of " Pole’s Hair " show, however, how 
complete a glass can occasionally be formed from olivine- basalt. 
The basalt-glass of Hawaii forms a scoriaceous crust some 2 inches 
thick upon the lavas, and a crust resembling bottle-glass a^K>n 
those in the crater of Kilaueo. Lava-fiuwg of glass, comparablo 
to the obsidian-streams of the Yellowstone, must not be expected 
in the basic sehea 

Variolitic representatives of olivine -basalt -glass occur in 
Anglesey and Co. Down. See Andesitic Tachylytes above, 
(rraw^y.— About 2‘7. Sometimes as high as 2-9. 

IL The microscopic characters repeat those dt^ribed under 
the andesitic tacbylytea Crystallites of magnetite grouped in 
crosses, and other skeleton-crystals, are abundant in the brown 
groundmass, and spfaeruiitic and ibeaf-like aggregates are com- 
mon. When the magnetite is aggregated into little octahedra, 
the glass may be clear brown and translucent; but when it is 
finely disseminated as dust, only the porpbyritic crystals can be 
seen in an absolutely o|)aqae black groundmass. Kefiected light 
may reveal in such cases sphemUtic or other structures. 

The porpbyritic crystals may be as intensely corroded as 
those in many andesites. Olivine is abundant as a porpbyritic 
constituent in many basalt-glasses from Hawaii. 

The microscopic ’appearance of ** varioHte ” has been touched 
on above among aoaesitic types. The yellow or green “pala- 
gonites*’ often represent olivine-basalt-glass. 

PerldoUte - Glass. — Cliemical analysis must be resorted to 
before a tachylyte can be safely referred to peridotito. It 
may be possible, however, in the field to trace some examples 
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into practicnlly holocrystalUne rocks consisting of pyroxene and 
olivine only. 

Specific GraviXy . — About 2'85, 

The glass of the uepheliDites, leucitites, &c., is so little known 
u to demand no separate description. 


Finally^ it may be useful to indicate in a general table the 
grouping adopted for the igneous rocks in the foregoing pages. 
The great and important names are printed in thick type; 
those of rocks with botli felspar and a felspathoid in small 
CAPITALS ; and those of the rare rocks, in which the felspathoid 
entirely takes the place of the felspar, in italics. Nepheline is 
used in the table as the represenUtive of all the felspathoid s 
(See next page.) 
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TABLK OF KiNEOUS ROCKS. 


1 HuUKrysUlliae Type. 

Merocry«t»IUue or OUuy 
KepreseDUtive. 

1 Granite 

Eurlte (Quartz-Porphyry). 

ft 

Rhyolite. 

Syenite. 

. Compact Syenite. 

Trachyte. 

1 NEPlIELiyESYEXITK. 
i Co R PACT N E P H »LT >■ E- S V K N IT K 

N'KPIlBUMK.TRACiiyTE (KePIIF 
USE rUOSOLITE). 

Quartz-Dlorite. 

Quartz-Aphanite. 

Rhyolitic Andesite. 

Dlorite mLi Gabbro. 

Aphaniie an i Dolerite. 

Trachytio and Basaltic 
Andesites. 

Nl- PHEl.ISl DlifRITE, 

N r PH ELI NK- A PH A SITE. 

NEFEKLINE-ANIiRSITB (TkI'IIKITB). 

yfpfifJinit'. 

Mrrorryitallin* SfpheliniU. 

Oilvlne-Gabbro. 

Olivine-Dolerlte. 

i i 

Olivine-Basalt 

NePHEUTR-OUVINB-OaBBRO. i 

Nr.PHEI.lJiF. OUVI>iK-lBp|.ERrTE. 

Nepiieuvk - OuvixE - Basalt 
(Nrphei.ine-Baeasite}. 

Olirino- X^phtliniU. 

Olivine - 

iniff. 

Peiidotlte. 

Compact Peridotlte- 

_ _ „ 

Merocrystalllne Peridotlte. 
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CHAPTER XX. 

JfETAUOKPUIC ROGK8. 

The definition of a mctiiniorphic rock must always be a matter 
of opinion. We include here those rocks in which new crys- 
talline developments, or new structures, or both, have arisen 
under the influence of subterranean heat, or pressure, or actual 
earth -movement. 

From this point of view such rocks os “epidiorite” and “flaser- 
gabbro/' and many of the Welsh de vitrified obsidians, should lie 
treated os inetamorphic. We must refer back to these, and also 
closely compare our notes on consolidated sedimentary masses 
with the present remarks on their more altered representatives. 

Foliation is the structure most commonly to be met with in 
truly metam Orphic rocks. In fine-grained materials cleavage 
may arise, often as a prelude to foliation. Brecciation, and the 
drawing- out of the fragments into folia by earth-movement, are 
ch^«tdy allied processes, and tlie rocks resulting from these o]>era- 
tioDS may be found passing into one another in the field. 

A. Rocks affected by Contact-Metamorphism. 

The embryo-crystals and ill-developed forms in baked and 
altered sediments give considerable trouble in determination. 
The crystals are often far ni<JH vague under tlie microscope than 
in the rock mass, since their Ixiundaries shade off imperceptibly 
into the amorphous or granular groundmass, while they contain so 
much uncrystallised matter as to present no clear optical char- 
acters. The groundmass may be fused in places to a glass, as is 
the case with the cement around the sand-grains in some altered 
sandstones ; or it may appear practically earthy and unaffected. 
Signs of cleavage, or even a foliated structure, are ap^reni 
when the minerals have developed along definite planes in the 
rock, which are often, in cases of mere contact-alteration, the 
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original l>edciing-plaiies. Some beds may be found to have been 
more suscepti))le to mineral changes than others in the same 
series. 

Spotted Shale. — I. The shaly mass is full of dark brown or 
blacc spots and patches, with an attempt at regular outlines. 
These are mere pigment-spots,*' or actual embryo-ciystals, 
and show no true faces or specific characters. Mere contact 
with a dyke will sometimes produce this type of alteration in 
the shales or slates around At times recognisable garnets may 
be develoj>ed. 

n. With the microscope the dark spots may sliow some signs 
of cleavage, pleocbroism, dec., like the biotite patches in the rock 
of Tirpersdorf, Saxony. Many remain, however, in a cloudy 
condition, and remind one of the dusky undetermined matter 
surrounding spherulitea in vitreous rocka Little patches of 
garnet may be picked out by their high refractive index and 
their isotropism. 

Slaty Ro^ 8 with development of Additional Mmerala.~Pyritc, 
in fair*sised cubes, is a common product near tho junction 
of argillaceous rocks with an igneous mass, Examples may 
often be seen in Wales, either in the Snowdon or the C^er Idris 
areas. Mica, light or dark, very readily arises along the divi- 
sional planes, and garnets, red-brown and lustrous, are soiuotiines 
found. Andalusite and stauroliie are frequent, especially the 
former, neither mineral being well detined in such coses wlien 
examined microscopically. Chiaatolite is sometimes seen, in 
long well bounded white prisms, in the dark grey groundmass, 
as, for instance, on the fianks of the Skiddaw granite. 

Secondary quarts generally arises in some portion of the 
mass, in the form of white knots or veins, and its introduction 
may have been connected with the hot liquids accompanying 
the close of igneous action. Small granular secondary felspars 
may also be developed ; and the whole series of changes bridges 
over the gap between mere contact-products and rocks that 
may be attriiiuted to the larger processes of regional meta- 
morphism 

Bftked Shale.— I. A very common form of alteration along 
the edges of ordinary dykes. The rock, which may be a volcanic 
ash or a clay, loses its shaly character, and a partial fusion seems 
to take place. *It becomes too harrl to be scratched with the 
knife, breaks with a fairly good conchoids! fracture, and appears 
like a dull porcelain Porcellsnite '’) to the eye. The colour Is 
usually grey or black ; a slight effect of iridescence, as from a 
moltttnde of minute glancing surfaces, is sometimes noticcahle 
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M the rock is turned about in the hand in sunlight. Some 
“ Indian Stones ’ come under this heading. 

IL A confused partially melted and recrystallised groundmass 
appears in section, often with rod-like and hair-like microlites. 
When the section has traversed the igneous rock and the contact- 
rock as well, the line between the two is typically sharp ; but 
cases occur where the glassy selvage of the former and the 
metamorphosed sediment simulate one another. Actual trans 
fusion seems'much rarer than one would at hrst suppose.^ 

Altered Limestone.'— A crystalline granular structure may be 
set up in limestones by contict-rnetamorphism, and only traces 
of previous stnictures, fossils, or of the original colouring, may 
remain. The magnificent series of silicates developed in the 
limestones of Monte Somma and in Tyrol, by interaction with 
volcanic intrusions, is known to all collectors.* Many “ Calci- 
phyres" and '‘Amphibolites" have no doubt been produced by 
contact-metamoridiism, involving sometimes a transference o1 
material from the igneous rock.f 

Altered Bedstone. —The quartz grains may become fritted 
together, and in section may show corrosion, through the attack 
of other constituents that have become melted. Felspars may 
even recrystallise in rod-like forms (Reynolds, Qw^ri. Journ. 6W. 
5oc., vol. Ixiv., 190S, ri. lii.). 

Altered Igneous Rocks. — The baking of one igneous rock by 
another is a common phenomenon. Andesites thus become 
compact and flinty ; the surfaces of Im-saltic flows may become 
reddenetl by oxidation, when heated by a succeeding flow ; and 
so on. The most striking changes are, however, produced when 
the rock penetratetl melts at a lower temperature than the 
invading rock. (See pp. 216 and 225.) 


B. Rocks affected by Regional Hetamorphism. 


Regional metamorphiam may result from the heating of rocks 
on a large scale by an invading igneous mass; in this case, 

* .See Micrisch, " Die .Auawiirf^hlUcke des Monte Sotnraa,'’ T.<cha'in. 
1880, p. 113. Messrs, (iregory and LivU h,ave carefully s(udie<l 
the origin of the serpenlinous limestones of the same area, and h.ivo com- 
pared their structure with that of the sup^wsctl fossil E(Koi\n\Sri. Tmns. 

/{, DitMin Soc. ser. 2, vol. v., 1894, p. 2o9). 

tSoo discussion in (5. Cole, ** Metamorphic Hocks in Tyrone and 
Donegal,” 7V«iw. R. L Acad., vol xxx'i. (1900), p. 460. 


18 
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new niinerals nmy l>e (iovolopetl aloii" tho bedding-plftnes of 
letbmenu, aiul oonsidernble ioterminglinq: <»f tin* invaded rock 
and the invader may occur, lu otlier casr^, pressure, acting 
over a wide area, is the principal agent of inetamorphisui, and 
this leads to the granulation of the original conBtituenU, the 
deformation or reconstruction of them as lenticular folia, and 
frequently the entire revryatallisation of the mass. 

The iuicro8coj>e must often be called in to determine if the 
foliation of a metainorphic rock is accompanied by evidence 
of earth pressures: and the possibility of cryalailisation under 
pressure without movement must also l>e l>orne in mind. Tn 
dealing with metamorphic rocks, thcevidence obtained in the 
held is of the very tlrst importance. 


I. Orvstallink Limestones. 

The majority of tlie Marbles’' come under tiiis heading. The 
limestones of metamorphic arca.s l^ecome distinctly crystalline, 
and the grains of cal cite may attain a diameter of 3 or 4 min. 
Where, however, crushing has acajiupanifnl the changt!, the 
individual crystals are reduce<l in sixe, and the rock becomes 
comjiactly microcrystalline. The crystallisation, and perhaps 
partial removal, of the iion-calcareous matter h^ve the (‘alcite 
mass often marvellously pure, as in the famous statimry iiuirhles. 
At other tiiiu*s, as in the central Flighlands, the rf«'k is typically 
grey, but can at once l)e distinguished by its softneas from 
any associated grey quartzitea Itolomites in a similarly highly 
crystalline condition iiimst be tested with hot acid. Specimens 
of crystalline alabaster fsec j). 20S) must l>c compared with 
statuary' marbles, and the difference of liardness and specific 
gravity noted. 

Ser|H;iitinou8 veins traverse many of these marbles and give 
ihem a tinge of yellow-green. In some cases the limestone or 
(lidomite becomes so {it-rmeated, and its original condition so 
olMciired, that it must Ik; claased merely im an ophicalcit<'!.'* 
Such masses may have resultetl from the destruction even of 
igne<jus rocks containing calcic and magnesic silicates. 

Secondary minerals are to be seen in some limestones with 
the naked eye. The “ Ci|)oUino’' of the Italians is rich in flakes 
of silvery mica, or sometimes of a brilliant green chromium- 
variety. Brongniart’a conveniently named “ Calciphyres ”• 


minimi, da rechu tnilainfia, 1813, p. 38, 
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may contain tremoiit«, diopskie, wollastonite, scapolite, gros- 
suiaritc, and even ff'Upar/"' In treating the rock with acid, 
it must l>e reinenibered tliat soino of these silicates may be 
destroyed. Tliey commonly stand out, liowever, on weathered 
surfaces, Mr. L. Fertnor has described calciphyres which 
seem derived from meiaroorphosed igneous rocks {Rec. Ged. 
Surv. India, vol. xxxiii., 1906, p. 168), On the other hand, 
many garnet-amphibolites (p. 282), have probably resulted from 
the interaction of limestones and a slowly cooling igneous 
mass. 

II. The calcite granules are seen to be closely packed to- 
gether, and often interlock with one another and assume 
irregular boundaries. Twin-lamellation is conspicuous. In 
dolomites this is Jibsent, and sections of distinct rhombohedra 
are usually seen (PI. II., ligs. I and 2). The accessory silicates 
in the calciphyres are typically colourless in section : but the 
polariscopw* reveals them by their tints, which are much lower 
timn those of the calcite. Serpentinoiis limestones often 
show ovuid residual grains of olivine (1 monticeilite). 


n, Qt’ARTZITKS. 


I. Prof, llonney has pointed out how the most altered forms 
of quartr.ites arise from sandstones that were originally pure, the 
deposition of new silica, and the consequent interlocking of the 
grains into a uniform whole, l)eing impeded by the presence oi 
clayey or other foreign matter, We have already described, 
under Sandstones, the ordinary characters of these cementecl 
types. In metamorphosed ureas, quartzites may resist the 
forces which cleave the surrounding masses or wliich convert 
them into foliated rocks ; and tliey may thus be useful as a 
clue to tlie original stratification of the district. By their 
superior hardness and their composition, they stand out in 
white or grey bands and bosses among the more easily decom- 
posing schists. 

Mica often occurs in quartzite, and, by its primary pre- 

* Issel reports tbe discovery of slbite cryataU which have formetl 
round Radiolarian skeletons in a limestone of Tertiary age. Comj)tfs 
ifendiM, 24 F4vrier, 1890, and dnn. dtl Mumo di Utnotn, p. 91, pb. v. 
and vi. 
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KRC€ or its deveiopuu'iit, allows of a foliated sirncture. The 
rock may thus break along new planes which are rendered 
lustrous, coiumonly by a pale silvery mica. The most beSuti* 
ful and regular development of this schistose structure is to 
be seen in many ** flaggy gneisses,” which split like finely 
laminated sandstones, and which consist almost entirely of 
4uartz and mics. The delicate divi^ onal bands formed by 
the latter may sometimes represent stratification ; but they 
may also result from movement under pressure^ and must 
be compared in the field with similar planes in the adjacent 
massea 

IT. In truly metamorphic quartzites the deformation of the 
rock and its partial crushing are traceable in microscopic slides. 
Individual grains show bands and waves of colour when the 
section is rotated })€tween crossed nieols, and they are often 
drawn out into wisp* like forms with irregular boundaries, and 
are in part broken away and granulated. Lines of liquid* 
enclosures often run through from grain to grain in fairly 
parallel planes across the rock, solution of the interior of the 
crystals leaving taken place, perhaps as a prelude to actual 
shearing. (Compare fig. lOo, p. HO.) 

The grains of felspar ;itkii other IxkJics in quartzites derived 
from griu are similarly distorted, and they may be surrounded 
by a zone of comminuted fragments. Some parts ol the rock 
have at last given wiw altogether, and a finegrained quartz schist 
has resulted, with delicate foliated effect. These SuHlod and 
rolled out portions may appear in a remarkable manner in 
a section, side by side with the coarser granular type of 
rock. 

CiVks alwund, but are filled with cbalcwlony or a fine 
mosaic, which is, indeed, a sort of microscojdc granular 
(aultrock. 


ni. Olxayid Rocks. 

Slate.— I This is the typical cleaved rock, since only fine* 
grained masses, in which the minute oonstituenta are plate>like 
or acicular in ( haracter, ran develope the structure with such 
perfection. The stratification, shown by ** stripes ” of a different 
grain or colour, must be sought for in the field, since cleavage 
and lamination rarely correspond. Tlie common colours of 
slate, as is well known, are blue black, purplish, and greenish. 
Minute mica scales may develope along tne cleavage-planes, 
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simI a wrinkling of the latter at tlic aaino time prcKlucea the 
link with mica-schist, called “Phyllado” by d’Aubuisson, and 
“Phyllite" by many authors. 

The distortion and gradual obliteration of fossils in slates are 
interesting points for study. The original “day-galls” and 
nodules similarly become ovoid, and their longer axes no more 
lie in the planes of bedding. Small faults arc commonly seen 
in slates which show “stripe.” (See Teall, Ged. Mag.^ 1884, 
pi. 1.) 

Iron pyrites is a common accessory. Magnetite is probably 
frequent, but its little grains are obscured by the dark colour 
of the rock. 

In the field there is often difficulty in realising, on looking at 
a great cliff- wall of slates, that the cleavage- planes are not thosti 
of stratification. They are here and there empliasiscd by 
weathering, and iron-rusts form in places so as to mark out 
particular planes. Hence a false appearance of bedding may 
be produced, particulurly at a distance. Any hard bed, especi- 
slly sandstone, deposited among the original shales, will readily 
correct such an impression (p. 275). 

11. In sections, all tlie transparent microlites and grains seem 
lying with their longer axes parallel to one another. Of course 
these may have a yet longer axis in a direction oblique or 
perpendicular to the plane of the section; but in cases where a 
creep or flaiv of the materials has occurred, a section is possible 
whicli shall practically show each particle with its maximum 
elongation. (Seep. 135.) 

The impure and darkened groups of kaolin- fiakes, or plates of 
mica, are pressed out or develop as extremely flattened lenticles, 
so that, when cut perpendicularly to the cleavage-surfaces, fii>c 
dark lines run parallel and close-set through the slide. By 
reflected light any grains or crystals of iron pyrites ami mag- 
netite are easily seen. (PI. IL, tig. 3). 

The transparent constitt^pnts consist very largely of mica. 
Rutile seems invariably present, and titanium dioxide commonly 
forms, as shown by analyses, *50 per cent to *95 per cent, of the 
rock. References to detailed pa|>ors on slates by Mr. Hutchings 
are given on p. 199. 

Many slates result from the action of pressure on volcanic 
ashes. The minute pumioeous particles are often traceable, and 
larger orystal-graint occur, some of which contain intruded glass, 
as an indication of their volcanic origin. When the material 
ejected. U of basic character, it will be altered to yellowish 
streaky products and is very likely to be unrecognisable. Even 
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in such cKBPs, fragiiipniH of ilie porphyritic crysUU mny appettr 
iu a suggestive manner. 


IV. DlBTlKCTLV FoMATKD RoCKS. 

Tliia group includes tiie sclnsts and gneisses, the origin ot 
wiiich has been so widely discussed in recent years. 'I'ho 
fact that such rocks may arise at any period in the eartli's 
history is now generally recognised. The so called “funda 
mental gneiss” of many areas has again and again been 
shown to be intrusive in still earlier sediments; while com{>osite 
gneisses are lairly common, whicb result from the intrusion «l 
sheets of igneous rock between the foliation-planes of an e;irl.«r 
schist* or even the beJding-plancs of a sediment. Uo.ienbusch 
(AVenten/s efer I8‘J8, p. IGT) uses t!ie term ‘'ortho- 

gneiss” forgurisses derived from igneous rocks, and “parjigneiss” 
lor those formed frmn undoubted sediinenu, English writers 
use the word “schist"* foraU well foliated rocks lulling short of 
the coarser and more felspathic type termed “gneiss.” It must 
l)e mtiembcred that the French ‘‘soAwte” and the Oerman 
“ifCiAtV/cr” include, in addition, nxk.s whe e the lamellar structure 
is due t<> bedding, and where no secondary miEieralisation has 
gune on. 

In the held these rocks form a most fjsscinating aludy, since 
they are associated with the finest moun tatti-scenery, and asstiinc, 
when unglaciated, the Widest and sharpest outlines But the 
correlation of closely adjacent portions of the same rock- wall 
must W undertaken with the utmost caution, owing to the 
intricacies of faults and thrusts. As Prof. Ijspworth Itas again 
and again pointed out in tlie K. W. Highlands, inetamorphic 
masses may result from the mingling together of pieces of 
completely different formations, so that they cannot be stylet! 
“ altered Cambrian,” “altered Silurian,” or so forth, but possess 
no ago other than that of the crushing and rolling prooesses to 
which they have been together subject^. 

Knnieroua schists and gneisses result from the deformation of 
rocks already holocry stall me, that is to any, of aphanitea, 
doleritei^ or minitea Boeh deformation is accompanied bv 
some ffitnenl changes ; but the ultimate bulk-analysis of the 
rock may reroam much the same. The margins of igneous 
fiiasses or dykM in all contorted or faulted areas aw; likely to 
■how signs of such alteration, and intrusive baste sills are often 
omverted info hornblende scliist. 
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Th(^ <H vision of foliated rocks into alteied sediments and 
altered igneous masses is lirset witli sueli fi*e<juenb difficul- 
ties that we must l}e content merely to bear in mind the 
possibility of either origin, and to seek diligently for elucida- 
tion in each case as it comes before us in the field There is, 
however, a growing feeling that the great majority of amphi- 
bole- and chloritc-sclusts, a lew inica-scliista, and many gueisues, 
have their origin in igneous rocks; while in many cases original 
flow, :itid not metaraorphisni, is responsible for their special 
structures^ (Cotujiare p. 102.) 

We should note that microscopic sections of foliated rocks 
should 1^? taken [)(‘rpe«dicularly to the edges of the folia. 

S-uh-^ronp l—Schlsts.— These are rocks in which the foliation 
is little interfered with by large crystals, and in which the differ- 
ence between the mineral constitution of successive layers is not 
so marked as in the coarser gneisaic type. The folia are often 
intensely crumpled; but separation of the rock occurs parallel 
to their surfaces rather than along other divisional planes. 
Wlien garnets, &c., are developed during metamorj)hi8m, they 
cause tlie foliated materials to fold over and flow round tliem, so 
that the obstacle, with the curving layers meeting t^ain on 
either side of it, resembles an eye. This gives the “eye-struc- 
ture," wliich is seen on fractured surfaces perpendicular to the 
foliation-layers. 

Prof. Lapworth has styled “ mylonitic" a rail!) those 

cases wiiere, in section, the larger lenticular constituents are 
surrounded \)y a ctyptocryvtallme or amorphous paste, itself 
lying in ‘‘a flowing microscopic tissue of opaque fibres and 
strings,” as if the whole had been ground to flour between mill- 
stones. .Such “raylonitic rocks are compact and slate-like." 

Finally, we must be prepared for rocks, truly stratified, witich 
simulate schists, from the fiict that their materials are derived 
from the weathering away of metamorphic rocks. 

Mica-Schist.— I. Thi.s is by far the commonest metamorphic 
rock. The lustrous folia of nifca. now in broad swelling curves, 
now wrinkled, now Ixrnt into the sharpest folds, disguise the 
other constituents and appear to constitute the mass. In the 
field, the foliation-planes are often seen to be coincident with 
an original stratification. The mica is generally a pale species, 
and rarely appears black. QuurU can generally be detected, 
sometimes in great segregated nodules or in veins. Garnet, red 
and well seen on fracture, is almost always present, and forms 
little “ eyes ” in the foliation. 

The uie of the thumb-nail will distinguish fine-grained mica. 
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schist from ulc schist, in iidtiiiion to the liigher lustre of the 
mica. With tiie knife the |>eculini‘ grating sound of the mica 
surfaces can easily be detected. Sillimauite is fre<jueatly present, 
giving d\ill white fibrous patches, in schists altered by igneous 
contact. Audalusite or kyanite may occur in such rocks, the 
latter showing its blue tint when the hammer crushes it. 

Typical mica sclust lias a silica percentage of about GO. 

XL The mica is most commonly colourless, with strings of ill 
defined greenish' and greyish 



Fig 4***. — Mica-Schiit. Saxony, x 7. 
g, (imei, pale pink, and abow* 
ing dms of cleavage, m, Colour* 
lc« Mica, Ijent and drawn mit in 


the direction of the foliation* 


layers, q. Quartz, granular, and 
ofteo elongated pa^el to tb« 
foliatioii*layen. 


matter interfoliated with it 
Granular quartz and some 
felspar, often arranged in 
streams, occur. fhe eye- 
structure due to the prcstnice 
of garnets is excellently seen 
in sections (fig. 43). Fibres 
of silUtnanite often penetrate 
biotite and quartz. 

In finegrained examples a 
double wrinkling and foliation 
may sometimes be traced, 
arising at two distinct jMJriods 
of pressure and movement. 

In examining the slide we 
must never forget the solid; 
the sections of mica, for ex- 
ample, are cut from extended 


lenticular patches, the union 
of their basal surface's constituting the glancing folia of the rock. 

Cbloztte'Sdllilt. — I. This is quite a rare rock compared wdth 
the preceding. It is dark green, witb4»lHck-green sckles on the 
eurfa<^ of foliation, and is typically rather fine in grain. The 
softness is characteristic, the whole having a soapy feel in the 


hand. In the field the absence of the glancing surfaces of tnio^ 
and the general darkness of the rock ex{KMed, mark it out from 


mica-schist 


Magnetite is the commonest accessory, the rock being very 
poor in siiiea ^rhaps as much as 30 per cent)^ The ootahedra 
of magnetite, black and metallic, are often beautifully developed 
in the green scaly groundmass, and are sometimes surrounded 
by a spberulite of radial chlorite, which looks like a roaette 
when fractured. 

Veins and little patchea of epidote may occur. 

Il« The chlorite appears in flakes and fan-like groups ; the 
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cleavage of the mineral is irregular and much disturbed. 
Magnetite is ideutitied by reflected light. Small brown rutiles 
very commonly occur. 

SerpenUne'Sehist. — I. This is a common rock in some moun* 
taiu-districU, such as the Western Alps, and is derived, in a 
great number of instances, at aigr rate, from the crushing of 
altered peridot! tcs. The colour is dull green, lighter than that 
of chlorite-schist ; sometimes blue-green or purple. The foliated 
surfaces are* soapy-looking, and bent in fairly broad folds; 
slickcnsides abound. The rock, indeed, breaks in the held along 
joint-surfaces and slickensides quite as often as along the planes 
of foliation. 

Some few 8eri)entine-8chi8ts can be traced into more normal 
types of sciiist, and appear to result from the [jermeation of 
aluminous schists by serpentinous matter. The percentage of 
silica in serpentine-schist is about 40. 

n. Sections generally show excellently the folding and move- 
ment undergone by the soft yielding rock. The whole field is a 
pale transparent green. Garnet,e[»idote, and niagnetite may occur. 

Talc -Schist.— I. A somewhat rare magnesian schist, light in 
colour, generally pale greenish or pure white, with a silvery 
and pearly lustre. The rock feels soapy to the hand, and its 
hardness = 1. 

Quartz gnu ns and patches often occur, and needles of actino- 
lite may be scatlered on the foliation-surfaces. 

The silica percentage rises at least to 55, being reduced from 
that of pure talc by presence of mica, ic. 

n. The talc is more easily distinguished in the mass than 
in section. Quartz granules form quite a mosaic along certain 
bands, and are commonly abundant. 

Amphlbole- Schist.— Ma^ '^Amphibolites** come here. 

I. Next to mica-schist, Hornblende-Sc^t is one of the com- 
monest metamorphic rocks, and results in very many cases from 
the foliation of altered basic igneous rocks. The rock is commonly 
green-black, with a lustre due to fibrous or somewhat plate-like 
hornblende, quite distinct from that of a dark mica schist. The 
layers of hornblende, which are less crumpled than thcwie of mica* 
Bcnist, may alternate with thin lighter bands of felspar, quartz, and 
sometimes epidote. Dark mica is an accessory, and often arises 
from the action of invading granite on the amphibole of the schist. 

The rock breaks more readily along joints, and more evenly 
on croBS-fiaotures, than mica schist, since the materials are 
granular and idiomorphic rather than spread out into lenticlea 

In the field, dolerites and aphanites can be seen to pass into 
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hurnblende-schist, rock being often only an extreme type of 
“epidiorite/'* Kveu coarse gabbros, afUT some intermediate 
stages of mineral change, become roiled out into an almost 
nylonitic condition and form granular hornblendic schUts. 

The 8ilica*percentage is about 50. 

n. The lionihlendc is small ; granular or idomorpbk ; some- 
times fibrous and coarser. The typical cleavages and pleochroism 
can be seen. Bands of granular clear colourless niatter occur^ 
which show between crossed nicola a mosaic of low colours. 
These consist, in the majority of cases, of granular feUpai's, us 
may be determined with convergent polaris^ light Twinning 
can be seen in some of the grains, and they consist of lime- or 
Itme soda-plagioclase, which has recrystaUU^ in this condition. 
(See also " epidiorite,” pp. 226 and 229.) 

Prisms of yellow or colon rises epidote, or of sodsitc, may 
be abundant. Pale pyroxene, sphene, and garnet should be 
looked for. Iron oxi^, titanic or not, and rutile, are very 
common. 

The amphibole my extend its boundaries by additions frou 
the metamorphic mixture round it, when subjtcted to a now 
Btiinulus, such a.s the invasion of a granite magma. 

OUter Varieties of AwphiboU Schist. — AtTfiNOLlTl ScillsT. A 
pale or bright g>een variety, of limited occurrence, containing 
needles of actinolite The name is sometimes given to a talc- 
schist with actinolite from the St. Gotthard above Airolo. 

GLAVcopjiANtScuiST. — I, This rock occurs in very inijiorUnt 
masses in the southern Alpine valleys, ]>articttlarly near S, 
Marcel, in tlie Val d’ Aosta ; and it has been fonnd near the 
Anglesey Monument, <m the Menai Straits, by Prof. Blake. 
Pr^^bly it is of wider range, but has been overlooked. Its 
colour is a characteristic slate-hlue grey, deepening almost to 
black, bnt distinct from the green-black of common komblemie- 
schist, The prismatic habit of the glaucophane gives a silky 
lustre when tliis mineral U abundant. Faiot yellowish veins of 
epidote traverse the rock, and this mineral is also found through- 
out the foliation-layers. 

n. Glaucophane, with its beautiful pleochroism and priamatio 
forms, abounds. Pale yellow epidote and quarts are commonly 
present. Garnet, in pink grains, occurs in the ** eclogite ” tyifca 
Rutile is well developed at Bt. Marcel. 

Eclogite (Haiiy, 1822) and Gurnet' Amphibolite. C^isU of 
pyroxene or amf^ibole, or both, with garnet. TKcltnic felspar 

* particularly Teall, Quart. Jouni. Oeoi. .Soc., vol. xli. P* 13^ 

and liiUieh PUrogr., p. platcc xix. and xx. 
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anil quartz are usually present in granular forms. From coarse 
and sometimes schistose types, thcs<! rr>cks shade into the 
granular pyroxene-diorites and pyroxene-granulites described on 
pp, 230 iind 286, In sections, the pyroxene i> usually pale 
green, while any hornblende present ophitically includes tlm 
other minei-ak. The garnet is often grossularite, Tlje typical 
mode of occurrence of tliese rocks is in the form of blocks, large 
or small, entqmbed in gneiss or granite. Their connexion with 
intense thermo metamorphism may be regarded as certain, and 
the original rocks, though all were probably rich in lime, may 
have been of very varied nature. 

Calc-Schist. — I. This is the schistose representative of the 
limestones with accessory silicates, tliese minerals forming 
lustrous sj>ccks and rods u{>on the planes of foliation. Mo.u 


commonly the rock is a schis- 
tose “cipollino” (see p. 274), 
the predominant silicate being 
pale silvery mica. At Shin- 
ness, in Sutherland, amphibole 
ftremolite, At.) is developed 
in cslc'schist. 

The knife readily detects 
the true character of the rock. 
Its colour is white to grey, 
and its general paleness makes 
its ex|K)suiTS in the field a 



contrast to those of the schists 
associated with it. Since it is 
far less fissile than ordinary 
schists, it can be quirried in 
regular blocks like other liine- 
slones. When treating tlie 
rock with acid, it must be 
remembered that calc-schist 
include.s schistose dolomites. 


Fi^ 44. — Ancient Conglomerate. 
Charlton Hill, Shropshire, x 7. 
dl\ Diabase, /g, Foliated quart- 
zite. (Jritty fandstone with 
cementing material, q. Quartzite. 

Schist, with characteristic out- 
line, unlike the adjoining pebbles, 
due to its breaking along the folia- 
tion -surfou^es. This conglomerate, 
probably itself Pre-Cambrian, gives 
evidence of the existence of ma- 


ll. Nothing need here be lerials which have been metamor- 

added to what has been said Pl""®* • ‘‘'‘I •"I'" dst. 


under the head of crystalline 

limestones (see also fig. 23). The silicates may be examined 
separately, if necessary, after treatment of the rock with wid, 
QQ&rtS* Schist. — Foliated quartzite with mica, Ac. (see fig. 44). 
See account of quartzites, p. 275. Also granulites. 

Sub-group 2 — Gneisses. — While these may be regarded as 
coarsely developed sobiats, it is the felspathic element that, by 
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its |)rominence, iDnrka them olV most tiiatincliy from the fore- 
going sub-group. There can be no doubt that an immense 
number of occurrences of gneiss arc due to the action of cartli- 
luoveinent upon igneous masses; aud the very remarkable work 
of liolimann in Saxony and Lawson* in Canada shows how this 
ditficuk question may be attacked and investigated in the field. 
Because a coarse gneiss accompanies and is seemingly inter 
.stratified with a series of schists, we must not conclude tliat it 
formed part of the original deposits of the locality, since it may 
result from a series of later parallel intrusions. 

Some gneisses owe their folistion to original conditions of 
consolidatiou (see p. 102), and utvi therefore not metantorphic. 
In sections of such rocks the larger constituents will not be 
surrounded by mylonitic matter, as in gneisses that have beeit 
foliated aabs^ucntly to consolidation. On the other hand, 
modem research seems to confirm the old view that gneisses nmy 
l>e formed from sediments by extreme contact motainorpliisrn 
(see Barrow, Quari. Jimm. Gwl. Soc. ,voL xlix., 1893, p. 3-13, 
and Callaway, vol. Hv., 1898, p. 374); in such cases, as 
well as in those where pressure has operated without movement, 
strain- shadow 3 aud mylonitic euTelo{>e8 will similarly be absent. 

L The gneisses, through the presence of compact bands or 
crystal-knots of felspar, quartz, dtc., and through the coarseness 
of the foliation, do not split so readily as schists. A large 
Sjtecimen miust often be chosen in order to show the foliat^ 
structure. Eye -structure is magnificently displayed, as in our 
own Hebridean rocks or in the “Protopne’* masses of Mont 
Blanc. Sometimes the white felspar eyes are eml^ded in a 
foliated ground of dark mica or hornblende. Where banding 
occurs, the bands do not consist of layers of distinct minerals, 
as is very commonly stated, but rather of distinct rock-types. A 
common and striking form of banded gneiss occurs when granite 
intrudes along the foliation- planes of a mica-schist, or streaks 
out in its fiow partly Bigested inclusions of basic rock (PL II, , 
fig. 5). 

Whatever the origin of the felspar, it clearly existed in a 
number of cases before the deformation of the mass. All the 
characters shown by felspar in granitic rocks are reputed among 
the gneisses. The micas and ferro-magnetian constituents are 
often quite scanty ; but quarts is exce^ingly common, both in 
knots and bands. I^rge garnets, and sometimes oordierite, 
occur accessorily. 

* “Owjlogy tit the Rainy I/»ke Region,” Ann. fiejiort Canadian Survey 
for 1887. ^ also Seymour, ** Metamorphism of an AodisiU,'* Set, Proc, 
R. DuUinSoc.t voL ix., 1903, p. 6fi8. 
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Though occasionally sinking lo 60, as in gneisses rich in 
hornblende or biotite, the percentage of silica is very often 
above 70. This statement excludes the exceptional basic gneis- 
8oid rocks that are produced from diorites and gabbros, often by 
original flow. 

The section must be as large as possible. The quartz is 
in irregular granules, often obviously crushed into a mosaic- 
condition and spread out into streams. The micas, often biotite, 
occur in rather small crystals, and their foliated arrangement is 
much disturbed by the coarse hard crystals over which they are 
pressed. The larger felspars 
show microcline structure and 
cross-twinning in many cases, 
and are evidently under con- 
siderable stress; they may be 
surrounded by granulated jmr- 
tions removed from them and 
spread out round them. 

In fact, the characters of a 
deformed igneous rock are again 
and again disj^layed in sections 
(PI. if., fig. 4). 

Cordierite, when it occurs, 
must be first studied in the 
roc A itself. Its sections are full 
of l>ent and tuft-like fibrous 
inclusions of siliimanite. 

Varieties of Gabbro- 

Gueiss (fig. 46). — This is a type 
of many gneissoid rocks found, 
as above remarked, on the mar- 
gins of true igneous masses. 

The diallagic pyroxene is re- 
duced to brown knots and eyes,^with a strOam-like development 
of secondary amphibole formed round it and connecting the 
residual crystals one with another. The felspar, which has 
already become saussuritic in the true gabbro, is drawn out into 
foliate bands, and more transparent secondary granules have 
arisen, as in so many epidiorites.* 

Almost all gneisses, however, resemble metamorphosed granites 
or quarU-diorites. More complete knowledge may show us that 

* lioth regards many of these diallacc pla^ioc-lase rocks as non-eruptive, 
ami give* them the special name “^btciule.” u. chtm. Geo^., 

Bd. u., p. tS4. 



Pig. 45. — Gabbro-Gneiss. Le Chen* 
aillet, Mt. Gen^vre, Hautes 
Alpea. A, Secondary horn- 
blende, often in bands and 
strings of crystals^ p, Grtim- 
Ur secondary Plagioclase, 
fornung colourless layers, ai. 
Original Plagioclase, now 
** sausauritic,” and forming 
occasional ♦'eyes,*’ like thnt 
in the npper part of the field. 
Foliated stractura. 
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basic typos do not appear freely— tirstly, injcHuse the cotoposition 
ot such rocks, whether they are seOiiiietitarv or igneous in origin, 
is not suited to the development of Urge felspars and coarse 
structures under metamorphic action co»iitned with movemerU; 
secondly, because any sucii holder crystals already existing in a 
primary basic mass become, from thoir composition, readily 
broken down ; these recrystailise in granular and microlitia 
forms, so that the ultimate result of earth pressure is a fine- 
grained rock winch one would class without hesitation with the 
schists. To take an extreme case, serpentine-schists abound ; 
but an olivine- or a serpentine-gneiss would seem a structural 
impossibility. 

On the other hand, highly silicated rocks seem more abundant 
in the outer layers of the earth's crust, and thus account for the 
large areas of gneiss. The occurrence of Iwtsic rocks appears 
to be more of the nature of an accident, and due to the local 
protrusion of matter from a lower level, or to the refuaion of 
material already so protruded. 

— Gr^^nclite ti a term fur a great group of rocks, mostly meta- 
murphic, which have ass a common character a fine-grained granular 
■sir tic lure. They are of a mo -I varied <:oin|K>3itjui], awl immt Iw regardcsl 
us structural varietiw of a nuralier ui well-known ris ks. 'Phe remarkahle 
“ trap granulites ' appear related to the granular dioriles and gshbrui (p. 

and their constiiuenLs are probably recryHlaUiMsI pnducts, being 
I [ear and Ixrautifully fre^b under the microscof>e. Recent research in 
tiermany lends to show that such rtxjks ari.se as prwlucts of thermo- 
metamorphism; and iheir constituents may Iki derived j».arlly from a!tvre»l 
sediments and partly from the invading igneous rock. Mr. Barker haa 
dcMcnlMisl similar pyroxcne-graruilites as reHuUing from the immersion uf 
liosaita in the granite magma of the Isle of Skye ‘ Igneous Rocks of 8ky«,” 
.Varrey, IfKM, p. 113). At the opposite extreme are the common 
ijU.irtzojuj granuhies, which are granular (luartr.itea, often with accessory 
minerals. Some of the Swe<iish " hallefiinta-^ " arc nicUunorphic products ; 
oihcrs mav W curites or old lavas. 

Many of Haiiy’s “Leptynites'' (a name given because the felspar particles 
are “ thinned down" in their dimensions) are felspathic grannlites; but a 
more precise name can often be assigncil to them in the field, wlien they' 
prove to lie granular aplitet, or eu rites containing mica derived from 
ailjacent schists, or even felspatbic sawlstones altered by conUet-meU- 
morphism. 

The common mirrortcopic character of the granulites is the occurrence, as 
fcliove slated, of a fine grained granular slructuro. Foliation may lie also 
visible, but is not necessarily distinct so far as wet ions are concerned. 
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PART IV. 

THE EXAMINATION OF FOSSILS. 


‘'The search for a fcHuil may be considered as least as rational as the 
pursuit of a hare.*' -William Smith, Rtratiqmjihicni fiyutemaf Or^nh*A 
FoMih, 1817. 

“ Neque ntirandum in inediterraneis, et montibus altissimis rc)>ei'iri 
aniiualia maritiina tti lapides conversa, non enim absurJum est, ubique 
mare extitisse.’*— (Uksalfinds, Df. Metallu^iSy 1596. 


OHAPTER XXL 

INTRODUCTORY. 

The exact determination of fossil species i.s a matter rather for 
the specialist than foi- tlie st ml on t or the oenlogist in the held. 
Tlie proximity of good libmries and contiiiuallv revised nmseum- 
col lections is essential for the compari.son of the sjiecimens col- 
lect^nl with accurately defined types of species. But every 
geologist should be acquainted with the principles that guide 
the palaeontologist, and with the points on which he relies for 
the discrimination of the more jpiportant genera of fossil forms. 

There are certain names that are household w^ords among 
geologists, although jtossibly of little interest in pure zoology. 
Kv(‘ry render of text-boohs encounters PWo/w and Produdu»y 
Ttigonia and iimmwi. He collect, moreover, with enthusiasm in 
tile fiehl, where he views, among limestone scarps or delicately 
lieildiKl alialcs, a fauna almost in its habit as it lived. In leisure 
hours he endeavours to connect wdiat he brings liome with the 
type,s aelecU‘d by stmtign* pliers. In the following pages, there- 
fore, we propose to give an outline of the characters of the moat 
typical and abundant fossil genera, confining ourselves to inver* 





TOR STUDY OF FOSStLS. 


and raainl)' to forms well known in the British Isles, 
rrclixed to the atvount of the members of each class is a kimi of 
glossary of the terms ortlinarily used in the description of such 
of their parts as are found fos.sil, It is hoped that \»y this means 
the reality of the distinctions made between the remains of 
cei-tain gtMiera, and the reality of the relationship between 
others, may be adequately graspe<t, and that atUmtion may be 
called to the features whi(^ should obtain prominence in the 
description of a fos&il form. 

Such features may or may not possess importance to the 
TOologist. It must be remerob<*red that we are here examining 
fossils from a rather limited and geol(^ical stand)K}int, our first 
consideratioa being, what is the age of any scries of de]K>sits, and 
secondly, what were the conditions prevailing in the area uiuh r 
examination at the time that any ^Articular UhI was being laid 
dowm? We have exaraint'd the minern! f utures and have 
classified the rocka The ago of the do|>oKits is a mnlter of 
^ramounl interest and importance, and the «}»ecio8 of fo.s8il8 are 
our surest guide. The assembliq^c of genera wilt, however, be of 
very considerable service in the absence of means of accurately 
defining species; and this aanemblage, moreover, will generally 
answer the question as to the prevalence of fresh-water or marine, 
shallow -water or deep-water <K)aditions. 

Hence, while the philosophic roologist may lie inclinttl to 
think lightly of eUboraie specific distinctions, the geoIogi^i 
has to c nsider animals and their remains from a })Osition 
peculiarly his own. While a zoologist looks vertically down 
each lung chain of li'e-forms that has yirliled us an i xistiug 
species, the geolc^ist endeavours to look Imrixontally across all 
the lines at once, cutting, indeed, the complex structure of 
chains, continuous or bifurcating, with a plane that comes in 
contact merely with the contemporaneous linka 

Moreover, he has to deal almost entirely with the hard parts 
of his animals, or with the mere leaves of plants dissociated from 
reproductive structures. His fossils must be classified iatgely 
Viv conjecture, and often by means of chuacters, as we have 
pointed out, of doubtful zoological value. 

In this little book we deal purely with the relics known as 
fossils, not by any means ignoring that most fascinating science, 
palieontology, but looking merely at one branch of it, which we 
might term “ sclerography,"^ the description of hard parts only, 
t^nestioiii of life-history, animal structure, or relationship with 
■odem lorms, we must leave to zoologies and paUetmto logical 
writers; and we need scarcely add that an acquaintaft^ with 
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aiich matters is pre supposed in every serious student of fossil 
remains. The worker who would, for tlie purpose of an exarainSf 
tion or the labelling of a collection, go through the following 
pages without looking beyond them, without endeavouring to 
picture a fossil as part of a living moving fauna, may acquire a 
number of disconnected facts, but will scarcely be in a position 
to apply any one of them to the explanation of stratified deposits 
in the held. 

The order^n which the classes of organisms are here arranged 
is purely utilitarian. The Hydrozoa, Actinozoa, and Polyzoa, 
have thus been treated in succession, owing to the difficulty 
sometimes experienced in correctly assigning a fossil colonial 
organism to any one of these divisions. The Ijamellibranchiata 
follow on the Brachiopoda, so that the contrasts between the 
two groups of bivalve shells may be emphasised. The Kchino- 
dermataand the Annelida thus obtain a somewhat late position ; 
but even zoologists will hardly object to the splitting-up of the 
heterogeneous group of “ V errnes.” 

The genera selected are arranged simply under their respective 
classes, and occasionally orders, without division into families. 
The alliance between any two or more forms that may be dis- 
cussed is, however, pointed out, and a black line between two 
descriptions marks the passage to a fresh group of types. Such 
descriptions as are lierc given cover only a small portion of the 
ground, and, when a specimen under examination fails to agree 
in essential features with any of those quoted, its characters 
should be written down, and comparison made at the first 
opportunity with examples in museums ami with the details in 
special works, sucli as the volumes below mentioned or the 
publications of the Palseontographical Society. Practice in 
describing fussils will naturally develop greatly the observation 
of their essential structures. 

The division of fossil forms into marine, brackish* water, or 
fresh'Water, is naturally difficult in some cases; and to reason 
from analogy with modern forms is likely to be misleading. 
But, from the association of one fossil genus with another, and 
from the physical characters of the strata in which they lie, we 
can add information on this important point with confidence in 
the case of most of the common forms about to be discussed. 


Works on Animal pALiBONTOLOGY. 

P. Bbhnari),— -fllcinenU de Pal^ontologie. BaiUifere, Paris, 1896. Very 
wsli illustrated. See note to lirrr.L below. 
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P. Kiscftit.— MtnQ«l do Cuucliyliologie, Savy, Parii, 1887. On th« 
lin«a of WoodwunVs work, eitonded andbrouKht admirably up to date, 
Hoebn bs. — Elenienle der Palaeoatotu^e (PaUu'oiiookjigie). Veit Tioipeig, 
1884. (Alao a French editicm by Polio; pub, by SaTy, Paris, 188^. A 
handy one volume work. 

Kicholso!! afd Ltpkkkbr.— M aoual of Paleeontology. bUckwood, 

1889. 2 voUl 

Philupsl —M anual of Geolo^. {Ph^itical OeoI(^, Stratigraphy, and 
Pal^ontoloOT.) Sdited by R. EtHBRinoi and H. (I7 S«i.iy. C. (iritVm 
ft Ca, Loadon. 2 voU. 

QcrvNmDT.— Haodbuch der Petrefak took unde. Laopp, Itlbbsan, 1885. 
2 vola. 

8TXI5MAKK.— Elemflote dor PaUkwlologie. EngeUnanii, Leindg, 1888- 

1890. (Kspocia% dear hgurea. ) 

H. Woods.— Elementary Paliwntology ; inTartebrate. Oambridge Univ, 
i^en. Srded., 1902. 

8. P. Woodward.— Manual of the Mollusca. 1st edit pub. by Weale, 
1851, 6. Now pub. by Crt»by, Lockwood ft Co. locludea modem forma, 
and ia in many reapecta a claiufic. 

A. Surra woodward.— Outlines of Vertebrate PaUeontoloffy, Cam. 
bridge Univ. Preea, 1898. 

ZrPTiL.— (i.) Haodbuch der Palaeontologie, Oldenbourg, Leipzig, 1878 
and ODwards. fFrench editiou by Barroii ; pub. by Doin, Paria.) 4 vol^ 
(ii,| Orundxiige der Palaeontologie (Palaeoioologie). 2nd ed., 1903 6 . 
This inTolres many revisions of points in the preTtooa ** Handbuch," siid 
like the work of Bernard, forms one of the moet comprehensive works 
eitant. A considerably modiAed English version by C R. Kastman and 
Others is pabliihed by Macmillhi (3 v^, 1918 fte.). 


Modi op OcCORREltCE AWD PRESERVATrO» OP Fossiia 

Some rocka, from their mineral and physical oonatituiioo, are 
admirable preserrew of foesits, while others contain few or, per- 
haps, none. In this latter case diligent search must lx* made 
for casts and impressions, and concretions of ironstone,, silica, 
Ac., must be examined for their included and protected fossils. 
Even if there are no fossils, it may still be possible to correlate 
the strata with others in which fossils are abundant. 

Thus sandstones are often devoid of fossils for rarious reasona 
Apart from their permeability, the ooaivr grits and the con-* 
flomemtes would likely only to contain fragments, since the 
materials would grind delicate shells to pieces during the actual 
deposition of the rock. 

Clays preset shells excellently, but extraction when tho 
rock is moist is almost bqieless. The dried talus at the foot of a 
clay-exposure, or the small nibbly Inmiis thrown aside in a brick- 
pit and broken up by sun-cracks, may be turned over with great 
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advantage. Kow and then slabs or lumps can be cut out and 
allowed to dry slowly on a shelf at home. (See p, 198.) 

Tlje Conors tions of wilcareous or phusiphatic matter, or of clay- 
ironstone, in clays must be broken open in the search for fossils, 
since they split fairly along the planes of bedding and often 
reveal shells in excellent condition. 

In clays the fossils are often pyritised, the material being 
commonly roarcasite, the decomposable form. Oasts, true pseu- 
domorphs, and nodular coucretionnry aggregations surrounding 
fossils, occur in this material. The cubic iron pyrites (pyrite) 
is stable; but the less lustrous marcasite goes to pieces gradually, 
and specimens become reduced in the cabinet to an efflorescent 
powdery mass. Ooating the fossil with varnish, or boiling in 
paraffin, will retard, if it will not entirely stop, this very 
deleterious process. 

Limestones are a fruitful source of fossils, since they so com- 
monly originate in the accumulation of oiganic remains. But 
the extraction of individual specifnens is often difficult enough, 
We have mentioned this matter and thp cleaning of fossils when 
dealing with the limestones as rocks. Suitable specimens will 
often occur weathered out in the water-ways of the rock, whether 
joint-surfaces or conspicuous planes of bedding. In compact 
limestones the edges of the fossil shells are again and again seen, 
but recognisable forms are only to be obtained by turning over 
blocks that have been long exposed upon the talus, or by splitting 
mass afrer mass until a fortunate fracture occurs which passes 
round and not through some resisting fossil. 

In dolomites the shells, corals, itc., are often lost by solution 
and recrystalHsation during the mineral changes in the mass. 

In all limestones fossils are liable to be preserved as casts 
in hint, or other varieties of ohalcedony. The shell itself breaks 
away on disintegration of the rock, and the siliceous casts are 
found as " derived fossils " in gravels of far later date, as on tlie 
Surrey Downs. 

Psetidomorphs or casts in carbonate of iron, haematite, kc.f 
may be expected. 

Under the head of Shelly Limestone reference has been made 
to the work done in the determination of the constitution of 
jhells— whether they consist of calcite or ar^onite (p. 201). 
Some|^ as Lingula, contain a great proportion of phosphate of 
lime. 

We have also mentioned various modes of oxtnvction of small 
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fossils from cUys, Such isolatwl specimens may l>o mounted 
like sand-grains, either as opaque or tninspart'nt olqeots. Many 
rol lectors mouikt larger fossils with iish-glue or utlier cement, 
upon wO“den tablets, the lai>el Udiig atlixed below ; but both 
surfaces of llie shell should l>e represen tetl, and for all collec- 
tions a hx>se specimen in a card trayf is probably beat. The 
specimen should have a number upon it, corresponding to that 
on the label in the tray. Small forms can be conveniently 
kept in little glass spocinien-tubos with corks, Which are to 
be obtained of anv dealer in natural history objects ; tiiey can 
thus be inspected easily from all [H)iu^ of view without actual 
handling. A label-slip can be written and placed within the 
tube itself. 

Collections, of course, vary greatly according to the district 
which it is most important to represent. In our concluding 
pages we give a suggested list of typical fossils from the principal 
divisions of the strata uf the British Isles, with a few foreign 
additions to render the series more continuous from the jwint 
of view of ge«jlogical time. It is very easy to improve upon 
this list by the addition of further forms; but we trust that as 
a basis, and as the nucleus of a collection, it will be found to 
be fairly representative. Some of the forms, such as Ulenelbis, 
though very characteristic when found, are too rare to have a 
a place in ordinary collections. 

I.ji8tly, in procuring characteristic fossils, we must carefully 
note in the tleid the distinction between the remains of animals 
that wf re contemporaneous with the deposition of the strata and 
thosrt wliich have been washed in as derived fossils from earlier 
formations. The efil cta of rolling and rounding on the latter 
can generally be detected, and such fossils have often, moreover, 
undergone a^nsiderablo mineral change. They may also l>e 
found to be tilled with material ditfering from that by which 
they are now surrounded — a very useful and interesting 
fd)?iervation. 

* Frir “ Mfxleni Methofifl in ihf! Study of PowiN/' sec A. H. \Voodw»ird, 
Fffy. (itfd. vr>l. lix. p. 6[), Alwi K. A. Italher, i/uV/., 

rol. XI. |i, 5.'J9 ; awl MujirutM JourruU, vol. viii., p, 76. Fnr a 

method of preserving fcHsit ami leaves hy aljsorption of paratfln wax 
sM and K. Reid, “Krmil fi{»ra of VropK),'' Icon. Akful. ,vin 

WtUn. Am^trrdam, S«ct. 2, I>io1 xiii. (1907), ami Linn. Sor. Jonrn. ltd.. 
roL XX viii. <1908). p. 

t .Such trays cost abfjut .’i*. to J Os. a grots, according to sixe. 
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Table of the Terms used in RkFEKKiNu to the Geological 
Formations. 


6 

i-H 

O 

C 

< 

O 


Po 8 t-Pliocknk and Uecbnt (including the present time). 
Pliocene. 

M lOCEN E. 

Oligocene. 

Eocene. 


d 

o 

n; 

<X 




Uppkb Oretackous'I^^'''"’"''’. ^ PP ^'' >“ 

I Britain). 

Lowku C’kktackous I IP- Greens i-nd 

( m Britain). 

( Upper {Oxford Clan to rurbeck; with Titlionmi), 
J UHA881C. Middle (Midf rd Hands to Cornhrash), 

[ Lower {Lias), 

Trias (including Rh<xLic), 


<1 


Permian. 

(Iarroviekrous. 

Devonian. 

GotlandiaS '^' {/./(im/oivn/ to L\(dhw Series in Britain). 
Ordovician {Artn 'uj to Hala H>:ries in Britain). 
Cambrian (Tacuni an io Trc nuid. c iScrUs in Britain). 


Xoif .. — Range of Genera.— It Junst ]>o Dome in miml that the range of 
a genus in time, us stated in text-lwoks, nnist always be liable to extensii^n 
tlinuigh new diseoveries. Hence it is of more iraiwrUnco to reAilise the 
time a[id conditions of inaxinuim development of a genua than to define it^s 
exact horizons of apj^earanco and disappearance, which, indeed, can uever 
l)c more than appioximately known. 


• This term wa.s proposed by Do lAapparent (“ Traite do (JcHih^gie,’’ 3me. 
AK, ISIEI, p. 74 N) fi>r the “ Up|K>r .Siluri.ati," as a piirallel with Lipworth'.- 
“Ordovician’' for the “ Lower Silurian” strata. 
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CHAPTER XXII. 

V0881L OBNERIO TYPB8k 


I Rhixopodt. 

■m 

A. PORAMINIPERA. 

Modern forms of tlie shells of these protoroaos m^y almost 
iiivariahly be sifted out, or selected by the eye. from the hoer 
iimterial of our beaches. While some are built up of ag^ldti- 
iiated sand grains, spicules, Ac. (“ Arenaceous" types), the 
majority met with are calcareous. The latter fall into two 
divisions, the ^‘Imperforate” types and the “Perforate,” so named 
from the absence or presence of minute perforations in the shell. 

Under the microsco|)€, the calcareous shells, when isolated, 
are not so perfectly trans{>arent as the siliceous shells of the 
Kadiolaria; in the perforate forms the minute tubules of the 
walla give fragments a Bbrous etfect when viewed sideways, 
and a pitted effect when looked at from the outside or inshle 
of the shell. With ennsed nicols these calcareous sliells show 
the dark cross due to the fibrous aggregate structure (p. 14U), 
and their anisotropic character is a r^y means of distinguish* 
ing them from the istropic siliceous skeletons of radiolaria, 
sponges, or diatoms. 

Gianoonite is frequently found in association with these shells, 
partially or completely filling the chambers with a darkish 
green dep(»it. Oasts are thus formed of the interior, and may 
remain in rocks after the complete removal of the shell. 

Some practice will be requiretl in picking out furaminifera 
from among other small shells, such as young gastropods and 
bivalves, which may only distantly suggest the corresponding 
adult forma In sections, the chambered character of all typical 
foraminifera is sure to be successfully revealed, The tnrae of 
making sections of isolated forms is described on p. 129, 

The dimorphism of foraminifera, whereby two distinct forms 
arise in the same species, was first observed in the fossil 
Nummulitea (see J. J. Lister, lUp. Bril. Auocn.^ 190C, p. 5ti7). 
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(a.) ImperforaU Calcareout ShtiU, 

Shells probably formed of aragonite, and resembling white 
]>oreelain {whence the group-name “Porcellanea”); without per- 
forations in the external wall, excepting at the terminal mouth'* 
or along the outer face of the last series of chambers in some 
coiled forms (as along the margin of Orbitolites). Marine; 
generally shallow water. 

Miliola (or Miliolites”). — Formed of pillow-shaped chambers 
which succeed one another in a spiral, the plane of which is in 
some varieties shifted dilHng gro^h. The chambers lap round 
and conceal the preceding ones partially or entirely, and many 
Bubgenera have been established on variations in this character. 
Sections are, liowever, very characteristic. ITrios to RtcerUi 
particularly Oainozoic. 

(6.) PirforaU Calcareous Shells. 

Calcite shell, transparent and glassy-looking (“Vitrea”) in 
modern examples, with abundant perforations over all the 
surface. The filling-up of these pores gives fossil examples a 
iluller appearance. Long delicate spines project from the surface 
of some genera, but are very rarely seen, even as stumps, in 
prei>arations. Slarine ; shells found at 2,500 fathoms at present 
day, but they often sink from surface. 

LagSDfiU — A single chamber shaped like a FlorenceKiil flask, 
with or without an floiigated neck. Surface smooth or ribbed. 
Gotlandian to Iteceiif. 

Nodosaria. — A series of Lagena like chambers succeeding and 
partially overlapping one another in a straight line (a curved 
variety is called Dentalina). The last and largest chamber shows 
a terminal mouth, corresponding to tlie neck in Lagena. Cor* 
bonifsrouSf but mostly later and Hscent. 

Teituiaxia.— Chambers in two series, united along one side, 
those on one hand alternating with those on the other. Viewed 
sideways, this gives the eflbet of plaited work, the chambers 
l)eing elongated in an outward direction. Arenaceous forms 
with similar structure arc common. Particularly CreUiceous. 
Closely allied forms abundant in Carboni/erotts. Also Reesnt. 

Olobigerlna. — Chambers spheroidal, agglomerated on one 
another and jwrtially overlapping, often with a trace of spiral 
arrangement, the largest and latest chaml>er liaving a alitrlike 
mouth. A very common pelagic form. Trias to Recmi; par- 
ticularly Cretaceow and Cainotoic. 
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RoUlia.— Chambers succeeding one nnothcr in a spiral, all the 
coils of which are visible on the upper surface. In sections the 
septa between the chumlers are seen to be douhle, and there is 
a very interesting approiwh to the canal-system of the walls of 
the Nunimu)inidR\ ./nnwtc to Hece^U ■ abundant in Cr«taceou9 
and onwards. 

Nominulites (tig. 46). — ObamUus armugcd spindly and entirely 



Fig. 46. — A’loamw/iVw ligrujoitiA (Bracklesham Bods). (!) Viewed fmm 
aUne ; (1^) vertical section ; and (3) boriionUl aectiutis, cinlK‘dded 
in tlie roc'k. 



embracin'.; the earlier coils, thus imitating some tyjics of 
aimnonite. The whole f<>rm conscijncntly becomes leiuicular, 
and the great number nf the chain Iters is only realis<'<i on 
fraetunv The shell bre:\k.H ea.sily across, in the rock or when 
isolated, and siiows on it.s circular 84‘ction.s a clo.se spiral with 
numerous curve<l septa, and on its cross-sections the extended 
saddle-like shape of the chambers, their investing prolongations 
bring crossed bv little bars. The shell often meaaure.s 2 or 3 cm. 
in diameter, and sometiine.s ils much as 11 enu The surface ia 
typically sno oth, sometimes showing wavy linear inarkings. 
An undulated folded appearance is eiiaracteristic of the larger 
.specimen.s. The great size of this foraminifer and its abundance 
on certain horizons make it an important rock-coiiatituent 
In a sulegenus ABSilica the coils do not overlap, lo that the 
spiral form is visible at the surfactr. 

In section the septa are seen to be douhle, and the “inter- 
mediate skeleton with its canal-system is well developed, the 
walls Ijoing greatly thickened hy it 

Cart>on{fermiJt to Recent. Very abundant in the Kocme 
(“ Numtnulitic strata"), Hniall forms still living. 

Orbitoides. ~ Jn form, size, and outer apjM'aram'o much like 
Nuramulite^, but shows when broken across a great number of 
small chamUrs lying in layers alsive and l>eIow a median l»and 
of more regular and larger ones. In sections i^amilel to the 
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Uyeri), the chambers of the median layer are seen to be divided 
fruiu one anotlier by straight septa, which alternate in position 
in tlie successive coils of the shcl). Canal-system well developed 
between tlie chambers and in the ^epta. 

U. CreUiceous to Miocene, Very abundant in Eocene. 

Fusolina.— Spindle-shaped, some 10 ram. long. The coiling 
takes place spirally round an axis, The somewhat irregular 
septa are not double, and there is no canal-system. 

Carhonifefous 2 in^ Permian. 

(c.) Shells Formed by Aggluiination. 

A number of these, built up of sand grains and other particles, 
occur in the Carboniferous Limestone and thenceforward. (See 
Textularia, p. 295). 

Saccammina,— Shell like Lagena, but with two short necks at op- 
posite ends ; sometimes these necks serve to connect adjacent shells, 
and a form like Kodosaria arises. On weathered surfaces of lime- 
stone the cells stand out like little globes some 3 mm. in diameter, 

When broken or in section, the wall is seen to be thick and 
ai'fnntceous. 

(Uirhoniferous, Also known in Eecent. 

Endothyra.- Allied to Rnulia, but the shell is largely built 
up hv agglutination of calcareous grains. Mouth simple, on 
inner margin of la.st chanilier. , 

Ciirhonif (rents, 

B. R.adiolaria. 

The remains of these are rarely found fossil (see p. 211), 
though they have been claimed as occurring even in the oldest 
rocks.* The skeleton is siliceous, and is colourless, transparent, 
and isotropic under the microscope. Globular and helmet-shaped 
forms are common, though a few are discoidal. Forms with one 
globe within another are very typical. The perforations are 
bolder than those of the -fora min ifera, and fragments thus 
re.semble a network ; fairly coarse spines and rod-like pro- 
longations are common. A few of the skeletons consist of 
disconnected spicules. One of the best known fossil deposits 
of radioiurians is the Miocene earth” of Barbados, which 
is a favourite object with microscopic dealers, and in which 
the characters of the skeletons can be admirably studied. 

•See David, Proe. Linn. Soc. E. S. W., 1896, pp. 653 and 671 ; Hiude, 
and Mag. Fat. July, 1890, and Joum. (hd. Soc,, vol. 
xlix. (1S93), p. 215, ]>i, iv. For Crctac^ua forms, and a discussion of the 
■olntioQ of Radiol, inait skeletons, see Hill and Jukes Browne, ihid., vol U, 

(1896), p. 000. 
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Some few of tho radiolaria are flattened or diecoidal ; but they 
cannot be confused with diatoms, owing to the far more delicate 
markings of the latter. Eadiolaria should always be looked for 
in sections of flint (chert). 

The radiolsria are marine. 

n. Spongis (Porifera). 

We deal here only with those sponges that possessed a cab 
careous or siliceous skeleton. They are frequently represoutod 
(ns has been described on p. 211) merely by isolated spiculM^ or 
by casts of these remaining in the flinty layers of the rock. 

The principal terms used in describing fossil sponges are 

Principal CavUy or Cloaca , — The large central cavity, such as 
the hollow in cup-shaped forms. 

Oacuhtm , — The exhalent aperture constitating the mouth of 
this carity. See Ostia below. 

Canalt . — Tubes traversing the skeletal mesh. 

Ostia . — The terminal openings of the canals, placed commonly 
in the wall of the large cavity. Often also called Oscula 

/*or«.— Smaller inhaleut openings in tho surface of the mesh 
connected with the canals when these are present. 

The l)0<lies that build up the main mesh-work. 

Dsrmal Spicnles , — Small bodies of various form, even globular , 
found mostly in the outer layers 9f the s]>onge. 

The sponges here treated of are marine. 


A, SiLicsous Spokoes. 

The isolated spicules (fig. 47) are typically rod-like^ with an 
ajtial canal, so that fragments under the microsco|»e, being clear 
and colourless, resemble pieces of minute thermometer-tubes. 
These rods may bifurcate, may meet in ""solid or delicately 
hollowed nod^ and may acquire, in different parts of the same 
Bjronge, a great variety of form. The dermal spicules are often 
widely different from those constituting the main mass of the 
skeleton. 

The gilioeoua spicules are soluble in hot caustic {)Otash aola< 
tions. In nature, moreover, they are frwjuently reprosented by 
peeudomorphs, whether in iron pyrites or limonite, as occurH in 
our (Iretaceous beds, or caloite, as in some Jurassic strata of 
South Oennany. Hehw?, wlilc some most delicab? specimens 
can be extracted from their calcareous matrix by treatment with 
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dilate acid, others will dissolve away iu a manner most disap- 
pointing to the collector, however full of interest tho experience 
may be from a mineral point of view. 



Fig. 47.-”Kand containing abundant Spicules of Siliceous Spouges, Uythe 
ISe^ln, 'J’in>Qrfitow Hill, Surrey, x 40. Dark and alnuwt opa(|ue 
granules of glauconite. A, liexftcLinellid spicules, /, Litliistid spicules, 
a large one occurring near the centre of the field, 5, Grains of angular 
qiiarU sand, f, Tetractinellid spicules of various tyiics. The detaclieil 
hkIs belong also, in all probability, to tetractinellid forms. In all 
these spicules the canal is liable to l>ecomc rather prominent, through 
its culargcuient by solution aud sulisequeut inlilling with glaucouite or 
hne cl&y. 


Order 1. Monactiniillida, 

Spicules consisting of a single ray, i}ointed at both ends. 

CliODa. — Thotigli the spicules are not known in the fosatl 
Kpecies, the borings of this six>nge are found, commonly as easts 
formed by silica. These casts arc like little flattened nodules, 
about 3 mm, in diameter, connected by threads, also of flint; 
they represent the chambers excavated by the sjwnge and the 
dedicate passages {“ stolons *) which led from one to another. 
The shell 'Bul>stauco in which Die borings were made has in sooh 
cases been removeil after the infiltration of the silica. 

GoUandian (1) to Htomt. 
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Order 2, Tctkactinellioa 

The IvpicAl spiculofi consist of four rays, tbiee of which branch 
out, making equal angles, from the end of tlio fourth and much 
longer n\v. Dr. Hinde states that the spicules occurring in the 
dints and cherts '‘in the Oolite, the Lower and Upper Ureen 
S.ind, and the Upper Chalk are principally of Tetraclinellid 
sponges,’* * tlie remains of which are not satisfactory enough 
for generic determination (tig. 47). 

Order 3. Lithi8T[D£. 

Typical spicules irreguiurly hrauehiiig, and set with little 
knotty outgrowths ; ofum closely interlacing at the ends. A 
four-radial type is occasionally set up, especially among tlie dermal 
spicules, some i»f which may, however, bo inoiioaxial. 

Doryderma. — Cylindrical, oft^a branching, with numeroiiH 
vertical canals running uj‘ tlm main body and the branches. 
Tiie^'iC are often iiitilled by flint and much obscured. 

Typically CV-^^lc*’ous {Alhmn to .V**tJonion). Known in Cur- 

Siphonia. — Commonly |>ear-8liaped or like the bud of a tulip, 
witli a short or hmg stalk, which has, when perfect, rootlets at 
the end. Principal cavity reaching from apex to alK)ut centre 
of sponge (often filled witli f'ilicaj, with the ostia of canals 
OfieiuDg into it. Canals forming a curved series running 
roughly parallel to the surface nf the spoiiije and down into the 
Stalk; a second series of smaller tubes crosses these obliquely 
down from the exterior to the interior of the sponge. Wlien 
viewed from alcove, canals are commonly seen radiating from the 
edge of the great osculuni. 

Crf.tac^.om ; particularly (Jr*>^)tsand to ^Seiujninn, 

Hallilboa. — Like Siphonia, bsit divided into lobes by depres- 
sion h of the surface, which radiate from tlie stalk and even run 
vertical ly up the whole, body of the s|>ooge. 

CreUiCiWi {U. Oreensaiid). 

Order 4. Hkxaciinklmij.k. 

Spiffl^es with six rays, meeting at right angles in a '‘node;” 
UkillS^cules are often united by their ends so as to form a 
of FouU Sponga. British J/imum, {with plates), 

p. 28 . 
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«triicture of hoautiful regularity, resembling that produced by the 
crossing poles of a scaffold. Tierraal spieulcs of various form. 

Ventriculites. — Cup shaped, imrrowed or expanded, not branch- 
ing, with rootlets at ba.se. Wall dfdicabdy folded, the axes of 
the folds running from the margin of the cup to the base, and 
the folds being almost in contact with one another. Principal 
cavity very deep, with ostia of radial canals oj>ening on it in 
vertical rows. These canals do not reach the outer suiface; 
others o|Kin similarly on the outer surface, but do not reach the 
principal cavity. The vertical rows of ostia are sometimes 
represented by furrows, Spicular mesh fairly regular, and easily 
seen in sections ; often replaced in Chalk specimens by limonite, 
derived fiom marcasite. The base of the .s|X)nge is, moreover, 
often surrounded and infilled bv compact hmt, while the upper 
part of tin- cup has been dissolved away or is represenU‘d by a 
mere impressiim or a ferruginous stain. 

U. Creiacfiou^, 

Plocoscypbia. — An irregular mass formed, a.s it w'ere, by the 
crumpling and rolling together of a sheet-like hexactinellid w^all, 
so tliat a number of roughly circular or greatly elongated 
apertures are left, each of winch may represent an osculinn. 
Tlic walls of the irregular tubes thus formed sometimes show' 
ostia, and are constructed of a regular hexactinellid mesh. 
Replaced by iron pyrites at times, 

Crctaceirui (particularly Cenovxanum and Turmiian). 


iVoie.— The earlier Pnl.Tozoic sponccs have some relation to the Hexactb 
nollidie, but are reprcpciitcd by a surface-web only. The spicules in tins are 
plain rectangular crosi^eF, with smaller ones get in cacli square formetl by 
tlir union of their arms, and yet smaller crosses in the suboniinate S4piares 
lluiH pr(HUice<l. The arms of all these cross- shaped spicules lie immllel and 
perpendicular to those of the primary cross, until detaclie<l by fracture of 
tile layer. A tyjK' is the Cawnirion Protospongia, the spicules being 
so nir times pyritised, sometimes mere impre.<isious in the shales. 


B. Oalcareous Sponges. 

The fossil type's como under the fninily of the Pharctrones, in 
which there is .a thick wall, with a dermal layer rarely well pre- 
served. The ailcaroous spicules are mostly formed of three rays 
tneeting at 120'", or at times of four rays and even one ray. By 
almost conii)lete suppression of one ray, some three rayed spicules 
Appi^ar mntirmxial. The spicuh's am ounmnnly grouped in 
fibrous bundles. (See SoUas, Jourru R, GtoL 8oc. Irdaiul^ vot 
vii,, p. 37.) 
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The reedy deooiu position of the spicniea makes the form of the 
sponge moi*e relied on in this division than is the ease in the 
siliceous sponges. The sulwtatu^e of the wall may, indeed, during 
foBsilisatiou W'ome merely an irregular calcareous tissue. 

Perotddella (Peronelia). — Tubular, cyliudrical, sometimes 
branching. Principal cavity exteuils to l^se ; round osculmn 
at summit No canal-system in the thick wall 

Devonian to CVe(aceai(s ; especially abundant in t/urosstc and 
Crfiavoi*s. 

TremacysUa.— Form much like Peronidella; sometimes club- 
sliaped. The tubular cavity is crossed by dome-like or Batter 
f>artitions, the chambers thus formed communicating by a hole 
in the centre of the partition, or by holes in the sides of a tube, 
which runs from one partition to the other parallel to the axis of 
the s]K>nge. Minute canals in tlie wall. 

Tlie character i Okie internal structure is easily seen in broken 
ipcv^'iaiens. Thi-s genus (Hinde) includes Steinmann’s Barrolsia. 

CrtiamAu ; mostly /.omrr Cttiae»Ai4. 

Rhaphidonema.-~Cnp shaped, expanded or narrower. A com- 
pact dermal layer extends over either the outer or inner surface; 
this is pierced by ostia in all species but H, farringiimmm. 
Canals traverse the wall approximately j>er])endicular to the 
surfaer. 


in. Hydrosoa. 

The body formed by the aggregato-^wth of these colonial 
organisms is styled the Ilydro»(nne., Where the hy droid |»olype 
possesses a cup-like cell, this is styled the //vz/ro/Aeco. 

A. Forms with a Massive Calcareoi's Hasp, prom wRicn rnr 
POLTPFJi PROTRUDED DDHlXfl LlPE. 

Stromatoponu — The base is built up of maramillated layers 
which, with the columnar structures that connect them, fonn 
an irregularly reticulated structure. Tn Kcction little tubes with 
horizontal partitions are also seen in the mass, and in these the 
polypes are helievwl to have lived, Tlie maas is often 15 or *J0 
cm. across, and is roughly hemispherical, the surface showing 
smidl tnound-Uke elevations.* 

G<^a,ndian luid Dtrmian. 

Ltbeclif&.>~The base is rather compel to the eye, ami ito 
under side is sroooUi, with some concentric wrinkles. Tire upper 

* Kirkpatrick has suggested Chat it is a sponge, Mi/ure, vot. Unix. 

607. 
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surfece ia set with numerous tubercules, which arc not perforated, 
:in(l which are the ends of columns rising from below. In 
vortical sections a cellular irregular calcareous tissue fills the 
interspaces between these columns. The polypes are believed to 
have lived merely on the surface of the calcareous and often 
encrusting base which we now find. 

Ordovician and Qotlandian ; some in Vaonian. 

• B. Gbaptolitrs.* 

The hydrothecss are arranged along an external flexible 
chitinous axis, and their cavities are connected internally. 
Tlic solid axis {Virgula) is often prolonged without bearing 
bythrothecsB. At one end of the axis in perfect specimens is 
a triangular body, the .S'icw^a, from which the bydrosome arises. 
The hydrothec® nearest the sicula are the smallest, and are 
sometimes absent about this point of the bydrosome. The 
chitinous hydrosomes are commonly flattened into mere films 
upon the surface of shales. The Graptolites are mainly Cambrian 
to Gotlandiant the branched forms, and those with two rows of 
hydrothecffi on one axis/being the earlier. The genera and 
species have great stratigraphical importance. Dendroid forms 
range into the Carboniferous (W. Hind, Proc, Yorla, Geol Sot,, 
vol. xvu, 1907, p. 155). For recent views on the mode of life 
and flotation, see Roemer and Freeh, “Leth®a geognostica,” 
lid. i,; U 3 (1897), p, 5.V2, 

The graptolites are marine. 

DiplOgraptas.— Hydrotbecs forming two rows, on opposite 
•ides of a common axis. The hydrothec® are set obliquely and 
in contact laterally. Ordovician and L. GotUDvdiaiv, 

CUmaCOgraptus. — Similar, but hydroihec® set at right angles 
to axis and separated laterally. Ord^mcian and L, Gotlandian. 

MonograptUS. — Hydrothec® forming one row and in contact. 
Uydn^ome commonly straight; sometimes coiled spirally, in 
one plane or like a screw. Gojlandian. 

RaBtrlteB.->Hydrothec» forming one row on the convex side 
of a thin spiral axis, and distinctly separated laterally from one 
another. L. Qi^landian, 

DldymograptM. — Hydrosome formed of two equal branches 
united by the sicula; bydrothec® in a single row on each branch 
and in contact laterally. The branches are sometimes spread 
widely apart; sometimes they form a V, and the 0 |>ening 8 of 
the hydrothecn on one row thus almost face those on the other 
Orrfoowwtt. 

* Hee cspooially Kilos and Wood, “ llritlsU Graptolites,” Pol. 5oc., 1902, 
and oowanla. 
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Kct(.~ In Dictyonema th^- hy<lr<«oT«o is com{>o«Hl of ft jitmt imnif)or of 
rftiliatinj^ branolu's c«'mnr‘*'U«(l by litUo nvls s<i ns to form A not-Mork. 
The«c branobt*?! in rtMlity consist of liydrothcoio rtri'Aii>;nl iu lliieftr Horiei;, 
with their apertures at tlie upjvr ends. Xo i i>rumon axis is oura (Roomer, 
D/>. of., p Ttimbnun to /Vtrmion. 



lY. Actinozoa. 

possess calcareous skefetona The materia) 
is in most mociern types arkgonite ; but 
Mr. Sorby believes that in the Palseozoic 
forms it was originally calcite, as now 
found All are marine. 

While the older division of corals into 
Octocoralla, Tetracoralla, and Hexacoralla, 
seems likely to be abandoned, we cannot 
yet regard any later system of classifica- 
tion a« approaching tinaiity. The general 
structures emV>odi^ in the “Tetracoralla ” 
represent an early type, though their fre- 
quent biiatenil svramet'y may have been 
ba^Mfd upoti a still earlier six-rayed type, 
At present, the division into Alcyonaria 
and Madreporaria Is all that will l>e here 
attempted. 

Terms used ; — 

Th^ca . — The bounding wall of the cup 
occupied by the individual coral-polype, 
often only feel>ly develojwd. 

ApiMcca.— A smooth external (^vering 
to the theca, or to the luue and sides of a 
oompouQil corallum. 

Coiict , — Vertical ridges projecting from 
the ouUide of the theca and forming ribs 
which generally oorres{K>nd to the septa. 
When, as in many older corals, they alter- 
nate with the septa, they have Uu n calleii 
“Kuge.^’ 

The cup-like depression in the 
upper part of the skeleton, occupied by 
the alimentary cavity during life. 

/oMu/rt.- -A groove-like pit in tbs floor 
of the calyx of some corals (see p 50b and fig. 50). 


Hg. 43. - DugruDS of 
LitAoiirotion. a, 
View of the calyx 
from above ; s flat- 
tened ootomeU* U in 
the centre; tbesepU 
form two leriet, and 
the edM of upturned 
dissefsmsnts are aUo 
■m. 6, Vertical 

■ ectioQ passing 
tbiDogb tbe cola- 
mella. Several tabu- 
Iw, convex upwards, 
are seen ; and nu 
merous diasepiments 
appear, fomung a 
vesienUr mesh which 
extends for some way 
bwafds from the 
wail. 
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Septa . — Vertical partitions arisitig from the inner surface of 
tlje theca, ami coiivergin*^ towards the centre of tlie cup, Each 
septum underlies a tentacle of the living aniinal, and they thus 
alternate with tlie soft partitions or mesenteries. They some- 
times are produced outward into co.sta’. The septa occur in 
“cycles;” a primary series, a second and commonly shorter 
ficrie.s intercalated between these, a third in the interspaces thus 
formed, and so on (fig. 50). 

Columella.^ A rod- like or vesicular axis arising in the centre 
of the cup. 

False ColuvKlla . — A similar axis formed by the union and 
intertwisting of the edges of the septa where they meet in the 
jniddle line of tlie cavity. 

yVt/t.— Vertical partitions tlmt sometimes arise in the central 
area, between the columella and the edges of the septa; they 
are sometimes joined to the columella. 

7ViAw/<R.— Horizontal or curved partitions that successively cut 
off the lower part of the cup, thus forming a new tioor (tig. 48, b). 

Dissf^piments . — Tliese are often regarded as imperfect tabulae, 
and are little plate-like conne.xions running in curves or fairly 
horizontally between adjacent septa, and producing a vesicular 
structure in the interspaces. 

Suunpticul(e.—iimi\Ar to dissepiments, but rod-like or tuber- 
cular. 

Corallite . — A name sometimes given to the skeleton of an 
individual in a compound coral 

The whole skeletal mass formed by a colony or 
“compound coral.” 

The “exoUiecar’ material connecting the 
corallitea in some compound corals, and thus common to all 
the individuals. 

As(v(ran MrM of CrQ>rlh.~~T\\(^ lateral buds of the dividing 
individuals Imve grown up .side by side and in cont.act, so jvs to 
produce a compoinul structure of more or less polvgonal forms 
(fig. 52). 

Simple corn/.— The individual is isolated. It does not divide 
by branching. 


20 
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A. Alctonahia (Octocoralla). 


The Aeptii, when preseut, are not related to the eight 
tentacle* of the aniniiil. Hard parte 
calcite, 

Heliolites (fig. 49).— Contllum often 
rudely spheroidal ; sometimes extended 
or branching. Calyxes widely divided 
by what api'ears to bo ccenenchyma, 
and furnished with septa (almost alw’ays 
12), which are sometimes short and 
sometimes meet in the centre. The 
ccenenchyma is set with abundant 
smaller openings, regarded by Nichol- 
son as liaving contained rudimentary 
|xvlypes (^“siphonozooids"). In section 
i*oth the larger ami smaller sets of 
tnbr-s show distinct tabula*, 
anfl 



Fig. 49 . — iifliolittA 

(Wenlock Beds). 
\'if»wed fnmi alwivc an<l 
i nlirgeil ; showing the W 
srptA and the cellular 
character of tlie are.ui 
between the calyxei, 


Soli — ^vend of the genera placed In Group C may with probability 
be referred to the Alcyooaria. 


B. Madreporaria 

la many of the older types of corals there may be six ]>rimary 
lepta in early stages, though four appear higher in the corallite.* 
One of these latter, the ‘‘principal" or "cardinal" septum, and tl»e 
one opjM) 5 ite to it divide tlie calyx into two symmetrical halves, 
the septA on either aide of the principal one, and between it and 
the two " lateral" septa, Ijeing, in welt marked types, directed 
towards the principal st ptum rather than towards the centre of 
the coral ; they are thus said to bo " pinnate ' upon that septum 
(fig, 50). Itotween one lateral septum and the other over the 
remaining area the septa point towards the centre. Hence the 
arrangement is, as a whole, bilateral rather than radial. 

The primary septa nw .sometime.s iart,'<*, sometimes much 
reduced in size, the principal one may lie in a fossula, which is, 
indeed, formed by local diminution of the septa. In many 
forms, however, it is imptasible to mark out the primary septa 
from the others (fig. 48, a). 

Tabulie are almost always present in the obler types, and 

*Het! Ihicrrlcn, Ann. Mag. S^at. //td., ncr. 7, vol. ix. (IfHbJ), p. and 
Tol. Kvih. (190fi)» p. j ; and Brown, Am. J. *SVi., IfKfT, p. 277, who 
shows that in 8trepl«huiina a four-r»){xi stnictur^rec^Hie* a six-rayed. 
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CflDnenchyma is commonly not developed, the compound forms 
being branching or astrsean. In other types, which greatly 
preponileratc in later periods, there are six primary septa, and 
ratlial symmetry prevails in adult forms. Tabul® are practically 
absent 

ZaphreotiB (6g. 50). — Simple; form commonly n curved cone, 



Ktc;. r>0, — Calyx of ZaphretUitt view- 
i‘d frnin alntv'', sliowingthe fossnla 
and twf> cycles of septa, which have 
in part a pinnate arrangement. 



Fig. f)\,~CyrUhophifflHm Mmratvm 
(Wenlock Beds). Showing hnd 
ding of new individuals from the 
calyx. 


witli epitheca. Abundant septa, the princi])al one being in a 
wcll innrkoil fossula. Tabulae run completely across from side to 
side of th(5 .section formed by breaking open or cutting the coral 
No columella. Caninia is »a ally with ve.sicular outer wall. 

Oot/ai)(lian to Carboni/frous : abundant in latter. 

Cyatliophyllnm (tig. 51).^ — Simple, branching, dendriform, or 
a.stra*uii, with epitheca. Abundant septa, whiih reach to the 
centre, and arc there 8ometime.s twisted against one another, as 
may l>e seen on polished sections. A vesicular caloereous tis.sue 
is formed nearest the theca, and the tabular often extend across 
the central part of the cavity. 

Ofdovician to Carboniferous ; alnindant in GoUandian and 
Devoinou. 

Lithoslrotion (fig. 52). — Dendriform or aatrsean. In other 
structures like Oyathophyllum, but distinguished by presence of 
a well-marked columella, which is spindle-shaped in horizontal 
section. The longer septa are sometimes united to the columella. 

Carboniferous. 

Lonsdaleia — Like Lithoatrotion, but divided by an inner wall 
into two portions — a cellular part next the theca, and an inner 
more clearly septate portion. Columella large, elliptical in 
section, and built up of irregular concentric layers. 

Carhonifsrons. 

Omphyma (fig, 53). — Simple, the cup-form often rather ex- 
panded, with root-like processes of the theca near the base. 


ACTIKOZOA. 


m 

Nimierv^is nulial scpta^ four primary oiu^a Ix'ing seen, in well 
presiTVrd ^[Kviiuens, to ine set in slmllow fossula;. Tabula' and 
tissue ;is in Cyaihophyilum, 




Fig. 53. — Oni;.Ayma turhiuntnin 
(Wfnlock IV'iiK Showing ruut- 
Irtfl, aiul thf foMuhi- m m-l'D 
from ab<iv<'. 

Caiceola (tiir. 54 . — Simple; shape like the pointed toe of n 
slipper, the calyx reaching to the luiSr of tlie 
coral. Kpi theca, rihl>eci on the flatter shlo 
of the cup. Septa reduced to mere little 
bars, A lid. llie (/i>frnJum, fits on the l<ip 
of the calyx, thrnigli often lost in onl inary 
speoimt iis. 'I'liiH li<l resembles nutwnrdiv, 
with its curvilinear markings, tlie dor- 
‘Cil valve of many braohiojicKls, and t'ai- 
ceola w;is, imlced, long considered as a 
bruchiof)od, 

Lithara&a,— Compound, with small, if any, areas of ccenencliynia ; 
the hard |Mtrts arc formed of a spongy non-compact r.alrareous 
tissue. Walls of the coral lites pierced by apertures. Sepia 
commortly fotming three cycles (Uily,ahd .set with little processes 
on the edge and on the sides, tlolumella pre.sent, of spongy 
texture. 

J^ocene to }fiocen^, 

IsasirSA.— A typical a-stra-an coralluni, without ^a;llenchyma. 
ComllitcH j)oiygonal in section and united by whole length of 
their walla. Hard parts compact, not spongy. Bepta well 



Ki.;. ')4. — - * 'nl'-<hlix 

unndnlinn i l)e- 
vonian.t. tfjierculum 
r«‘mova;'i. 

Iki'i/ixifin, 
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marked. Numerous (.lissepimuuta. Columella often present, 
but nut strongly developed. 

yUsozoic ; especially Jurasni<,\ 

Montlivaltia. —Simple ; sometimes disc-like, with a flat base 
covered witii a concentrically wrinkled epitheca; commonly 
sliaped like a peg- top or a curved cone, also with epitheca. Hard 
parts compact, Numerous septa, in 12 or more cycles, notched 
on the edg«'S. Dissepiments abundant. No columella. 

Trim t43 llec^}\t ; especially Jura me, 

Thecosmilia. — Branching coral 1 urn. Coral) ites often com- 
pressed l.aterally at tlie calyx and dividing into two; hence 
two adjacentcalyxea often remain confluent. Epitheca present. 
Hard parts compact. Septa numerous, granulated at sides 
Dissepiments .dmndant. No columella. 

Triai to Miocene ; especially Junvi^iic, 

ThamoftStrsca. — Compound; corallum commonly like a segment 
of a .sphiuo .supportorl by an inverted cone, wliich bears an 
epitheca. No coenenchyma, and tlieca* unseen, the septa of each 
‘(U'allite running out over the wall and uniting with those of 
adjacent coral 1 ites, Se])ta fairly numerous and granulated, t.e., 
set with syna])ticuh'e. Calyx shallow. Columella present. 

Tritu to OUijoceiie. 

Cyclolites. — Simple. Tlreca forming a flat ha.se, with concen- 
trically wrinkled epitheca. The septa rise above this, forming 
a fair-sized roughly hemispherical .skeleton, ^epta thin and 
very numerous, notched on niargdn, set with synapticuhe. ami 
jiiereed hy n'gularly an-anged pores. Tlie small septa are 
genrrally eemented to the larger. 

Typiwtlly CrtUicani^. 

HolocystiB.—Astra'an; corallites united by their cost® and 
jvolygonal. Septa not very nunuTous; four, at right angles to 
one another, are well marked and larger than the rest. Tabuhe 
are also present, This genus present exceptional feaiures, 
as compared with the more modern types with which it is 
associated. 

Lower Cretaccoue. 

C. Gksera op Doubtful Akfinities. 

The following genera of Actinozoa are of uncertain position, 
while Alveolites and (kiuiitcs, from their external aspect, have 
even l)een referred to tlie Polyzoa. 

MichelLoia.* — Corallum astriean and generally top-shaped, with 

* In Nicholson’s d/anuai of ralcetmtolo'jj/, Ilnl edit., vol, i,, p, 316, there 
ts SD interestiiig discussion of the rclationa of this genus aud PUurodictyum, 
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opithiva ami n uplifts rumiin;^ tVom it. Coialiilu^ united l>_v 
ilu'ir 'vall?. liicli atv )KM‘foi*atLHt. Calvx fuirly deep. Sfplji 
ifpivsfUted nuu-fly l>y sUmu, so that tlie empty polygonal 
calyxes gi\e the aj^pearanee of a honey comb. Tabu lie and 
xesiculai* dissfpimenlal tissue pieseut. 

('tiW>un j/eroas. 

Cleistopora {Nicholson, frVof. .l/ny., 1888, p. IDO) is like 
Michelinia but >viiho»t tabuhe, and is also Citritoni/fTouf. 

Favosites. — (’ompuund; iv-tiasui or braiicliing.* Corallltc.s 
rcst inble |H>Iygonal columns when the more massive 8|a‘ciinens 
ate broken el's'll. The thcea* show well marked but widely .wt 
pertoratioms, Septa rep>reseJtted by inerestriie. Tabuluj regulai 
and well displaytuL 

fh’Jirvii'vtn to rovii. 

Alvealites. — Ciprallain spreading or bran ebing, often ofpolyzoan 
type. Aperture of the calyx binall.aiid like a triangle with curved 
■'ides t the corallites lie jU'C'i^cd ttpgether. somewhat oblitjue to 
the surface. T'liei';e jK'rforatetl. Septa represented by one or 
sometimes three ridges )ir‘p]eciing into the cavity. Tabulate. 
f^ctlrindian ami /)> rotiiitn^ 

Comites,— Closely uliie<l to Alveolites, hut wiili a titickening 
of the thp p u- near tin- outer end, so that the mouth of the calyx 
l>eci,ines a iie ie curved slit, (totlattdifjn and D' lvuuiu. 

iialysites ( tig. .u.D) - Pussildy an alovonarian, Corallilfs 
tubular, elliptical in ctoss section, and united i>v their .sides 
in wall-like rows, ho as to resemhli' 
tlo' pipp-s of an pirgau , these bandK, 
each merely one corallite in width, 
croSH one another, leaving large ir- 
regular interspaces in the coral! n in. 
^^hen infilled with foreign matter, as 
in orilinary limeHtoneH, and broken 
acro.sS) the structure looks like a net- 
work of chains, each corallite lading u 
link. Septa rarely traceable. Tabula; 
well develojjed. 

Orfiotha*i« and Gotlandian, 
8yringopora.-~Alcyonarian in type, 
CorallitcH tubular, circular in crosH- 
•cction, Uut and ramifying, united 
only by smaller horizontal tubes. The 
the(» thus stand well apart from one 
another. Hepta scarcely tmceable. Tabulse convex dp>wnwaids. 
Gotlandian to Cttr6on(/<:rous. 
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OHAin’ER XXI II. 

rUSSlL OKNEKIC TYPLS. 

V. Polyzoa (Bryozoa). 

TiitsiK minute colonial organisms leave skeletons which may ho 
lound among the washings of clays and sands, but which may 
otherwise be often overlooked. Many of the colonics, however, 
attain to a considerable size. 

Tlie hard i^arta are built up of an external aragonite layer 
and an internal calcite layer {Comuk ami Kendall). 

Almost all are marine. 

Terms used : — 

Polypide or iTooit/.— The individual animal. 

Zoarium . — The colonial structure formed by the polypides. 
Commonly attached or encrusting. 

Zixecium or Cellule . — The tube- like or ovoid chamber occupied 
by each polypide. 

Ovicell. — A chamber for containing one or more eggs, from 
which embryo-poly pides develope and are set free. The oviceli 
forms a swelling above tlie aperture of certain zooecia in 
ciioilostomatous colonies, and an inflation between the zooecia 
in cyclustoinatous colonies. 

Operculum . — The cover that closes the aperture of the zotecium 
in some )K)lyzoa. 

jlriciv/oria and FtAracu^.~>Boak'like and whip-like appendages 
respectively, set on stalks and arising from little special pits on 
or hctw’cen the zomcia (fig. 58). Used in obtaining food, or for 
defensive purposes. They are in reality specially modified 
uxecia. 


A. Cyclostohata, 


Zocecia tubular, typically not narrowing towards the aperture ; 
no operculum. Calcareous (aragonite with some calcite, Swby) \ 
taaely horny. 
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Entalophora. Zmvriutn I'niiu hini:. Z' ‘Vria in tlu) farm of 
louij ciH \ tul>o^, which ojhmi nil l ouiivi the suriace of llie 
like zoariiiin. Marine. 

(tvt’'.iridi‘tn to 

Fascicularia.- Zonriuin spln-ruidal, lixod at ha^;!', Zon-ria 
tubvilar. often eiirvin;:, united into hu tulles which radiate Iroiii 
the baiP. leavini; hollow interspaces. MariiiO. 
rii'Xtue. 


I>. Ckviiomomata. 

The Fenesteliida' liere form the most important latnily. in 
•vhich tile /-Hiu'ia sle-w eonsidersil>le lievialiun from iht' liiliular 
■- ype : in section, tlnv are seen to l>e imie (onipex iiiul nan owed 
at tlie external aperture. Tio' latter i.s, luiwever, roumi ami 
simple, as in the typieal eyelustotnata. 

Fenestella (fu;s. 66 and o7}. — Zotirium lamellar, the sheet like 
mass being coimnonly folded into the siiajie uf a funnel, ufieii 



Tifi. 56. — P^Ht*Va rfiijoiini^ 
(PermiaDi. bhowm^ form of 
the xoarium. 



Fi^e 57. F^ut.oiflla rf/i/orwM 
(I'crtnittu). KuUrj^tMi, to 
(thow the zod'i'ia and tho 
Urj(er interKpaecJi. 


several inches across. Huilt up of rod.s which rarliate from tlio 
base and are connected by hitle cro.ss-bar.s .so ms to form a neu 
work. The minute zcaecia are group'd in two rows on each of 
these rod?. Sometimes a third cential row occurs. The z^io^cia 
must l>e looked for with a lens ; and the far larger interspaceR <tf 
the rn(«h are jhi/jilrHifn. On the sysU’inatic |K)Rltion of this 
genua see tJlrich, Surv. of Ulinoii, vol, viii,, p. 349. Murine. 

Ooihndxan to Permian , particularly C arhomferont. 
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U. Oheilostumata. 

Zocccia typically ovoid, not tubular; tho aperture is in the 
side and near tlie upper end, and is smaller than tlie diameter of 
the Euaxiun]. 

This aj>erture was c!(tsed hy an operculum in most forms. 
The pits occupied by avicularia and vibracula can often be 
recognised. Jlorny or calcareous (aragonite, with some calcite?^, 

Eschara ifig. 58). — /oarium formed of two layers of zocecia, 
back to back, producing a shect-like mass which branches as 



5S.-'-A''<7(ava 

; after 

lUisk. Tlie appear- 
aiK’e of the R)tTtiirc 
varies coDBid(Tal>ly ; 
tu thin example tlio 
pitted Bt]p[>ort8 of 
avicularia at each 
Hide of the base of tlic 
a|<rturo arc clearly 

eei'ii, 



Fig 59. — Bracliiopod {Tert^hrutvla 
I'itrta, Recent; after Davidson), 
n, The two valves united. /, 
Foramen in beak of ventral 
valve ; d, Deltidiom. h, Inte- 
rior of dorsal valve, showing the 
brachial loop, c, Cardinal pro- 
cess. 


it Spreads. Zoaxia close-set, typically cheilostoinatous, with 
pits where the appendages lun e fallen away ; the zocecia of one 
row alternate with those of the next Marine. 

Jurassic to Jieemt. 

Lepralia. — Mucli like Eschara, but forming one encrusting 
layer. Marine. 

Crtiaceous to 

Membranipora, — Zoarium encrusting, Zoa'cia rather flat, 
with raised margins, an<l touching one another along their 
Ixtrders, more commonly than overlapping. I'he front of eat'h is 
generally lost, having consisted of a cldtinous membrane, a wide 
ahallow cavity being thus revealed. Arrangement of zocecia 
rather irregular. Marine. 

Jurassic to Recenk 
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Cellepora.— Zoariuni Imilt ui> ot' hkl'cIji piled irregularly on 
one another, and thus toriinniii; a iiuiuiinillaU'd aggregate tixod at 
the base. JSometimcs brauching. Zoujcia fairly ovoid. Marine. 
Caitu/zoic. 

VI Brachiopoda. 

The Biachiopoda, formerly more prominent than, the MollusK'a, 
inhabit a bivalve shell, composeil of calc i to, or uccaaioiially of plioS' 
phaieof lime; iliis is miuately ]K;rforated over the whole surfac in 
almost all the families. The RhynchoncUidaa form an iniporUiut 
ext'eptinn, being imi>erfonite (iinpuncUto). Hollow spines, ofUn 
of great length, project in some genera from the surface of the shell 

The valves of the siieli are tyjucally unequal ; even if aj>* 
parently equal, their internal structure is very dilferont. Hold 
the shell so that the small valve faces the observer, and the 
umbo of the large valve forms the highest point of the shell ; a 
vertical plane pasiing through the umbos and the point t»p|>osite 
to them on the lowt-r border divides the shell into two «ym- 
metrical halves. Compare LAmellibranchiata. {ik-e tig. 59.) 

The mo<Iern specie.s, which are numerous and all marine, 
mostly inhabit dee]> water. 

The modern classification of the tirachiopoda is discussed by 
Schuchert, liuli (J. <S. (Jtol. .Sumy, No 87 (1897), pp. 113-155 
Fur our present purjioses, the two large diviaioiu of Arliculaui 
and Inarticulata will prove sufficient. 

Term.sused; — 

yentral ta/w.— The larger valve of the shell ; or in any case 
that covering tlie ventral portion of the animal. 

DorteX To/w.— The smaller valve, or that covering the doi-sal 
portion. 

Both valves are commonly perforated by minute canals, being 
then said to be punctati (fig. 65). 

Both show somewhat oval J/uicWar xmprttsiojis, placed below 
the hinge. In addition, Vascular impressions, indicating t)m 
position of blood^vewds in the mantle, arc sometimes seen as 
faint grooves ramifying over the internal surface of iwth valves; 
theae may ^pear as ridges on internal casta. 

The ventral valve terminates posteriorly in a more or less 
«har}> Jkak or Umh». An ajKjrture, tin? Fantmen, or, when 
tria&gulftr, the DMt/rium, luay occur in this, or just Udow it, 
serving for the exit of the fibrous pedicle by which the animal 
was attached. Whcti below tin; Im'hIc, it i}, generally triangular. 
In the dorsal valve, the l>eak is usually less prominent. 
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Dehidium . — A triangular structure found below, and partly 
or wholly surrounding, the foramen in many forma. It consists 
of two little plates, generally meeting along part of their length, 
and arising from opposite sides below the beak, thus limiting 
the aperture (fig. 59). 

pMudoddiidixim . — A plate formed occasionally across the 
foramen and spreading anteriorly from the beak. 

A rm . — The flat area often occurring between the hinge and the 
beak ; sometimes striated- Commonly seen in the ventral valve, 
rarely also in the dorsal. It stretches on either sid5 of the 
triangular foiamen, tlie deltidium, or tlio pseudodeltidium, 

Teith . — Two processes set in the ventral valve, and commonly 
lx)rne by two Dental plates^ which are like short septa rising 
from the inner surface of tlie valve. The teeth occur on the 
Uingedint (or line along wliich the two valves are united during 
.life). They fit into two sockets in the dorsal valve. 

Ti>e dorsal valve hcai-s ordinarily a Cardhml Process projecting 
somewhat dow'n from tlie centre of its hinge-line. To this the 
muscles that opened the shell were attached- Tw'O plates calleil 
Crura, one on each side of the centre of the hinge-line, may 
occur in this vtilve, the “arms,” or lamellar mouth-appendages 
of the animal, lx*ing then attached to them. In most cases they 
bear a Brachial Loop, a calcareous structure of great delicacy, 
which supports the arms. Tlie loop sometimes is represented 
by two Spirts, conically coiled, tbeir apices directed aw^ay from 
or towards the centre of the shell (fig. 64). 

Median Scj^ium . — A partition that may be found running for 
some ‘ distance below the hinge-line towards the shell-border, 
rising from the inner surface of either valve, or botli. 

The siiell-substaiice of the Brachiopoda (except the occasional 
phospliatic layers) is very characteristically built up of long 
curving calcite prisms, among wliicli circular gaps, the perfora- 
tions, commonly appear. Tiie obliquity of tliese prisms to the 
surface of the shell, and their "Curving, allow their polygonal ends 
and their lateral faces to be visible at once in microscopic 
pre[>aration8. 

A. Auticolata (Valves connected by a Hinge). 

Shell Calcite. 

Terebratola (fig. 59). — Shell oval, punctate; often folded slightly 
at the margin ; surface smooth, with mere lines of growth 
parallel to the margin. Curved liinge-line. Bejik pierced by a 
round foramen, the deltidium occurring below this and not sur 
rounding it Brachial loop short 
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Deivniiin to Rtrt‘u!. KsjK>cially J/r 

Terebratulina. — I.iko I'on'bratula in all 
email urul surllut* of shell (.ielioately striulal by grooves radiating 
from iho apei. 

to AV'Vfi/. 

Magellania i WaJdheimiaK — Not externally distingui8hal>le 
fnnn Tore i't alula, hut l)nu'hial loop long, atid a median septum 
in dorsal v:dve. Ains to 

Kingeua. Allual to Terehratula; Idngc line straigliter, and 
hi'uoliial loop uuiced to a im dian septum. 

/ttroAfie and 

Pygope and Antiaomia. — T«‘rehraiulas in whieh, after a certain 

age, ilo' lat' iwi y-arts ot’ tin* valves grow uuuvard.s and ilieii 
reunite, leaving an aperture tliMUgh liie whole form ; in 
Antinumia this tiiniily lies nearer to the h- ak than to tl^e growing 
margin. See Huokni;in. hOoirn Juunt. ^toA. I'jQG. p. Ido. 

Titht uxiin ■ J\Lr'i.«\r). 

Stringocephalus (tig. ijOy — Shell pum tato, and resemhling a 
wide Terebratuia, hut VTuUml valve wiili di>tinel an a ; deltidiuiti 
and jtSvadixleltidiuru both pre.-^enl. Suouglv devi lojH'il median 
septum in ventral valve, (’anlinul pnae^s long and euived. 
bilui eating at eiid to pass un each side ut tlic .septum in the 



Fi?. fKt- Slnntjt/' ti'hniMx Huriiui 

(licvotuAD), iMltidium tni-ining. 



Fig. fil.- lAiyxuhonrUa. Viewed (leri 
h»'!ow, nhowing the pin aled junc- 
tion of tlic cloned v&lvcjt. 


opposing vatvo, Lwp curving round jiarallc! to and iicur tho 
margin of the valve. 

Dtxonian, Known also in f/o^/ane/ian. 


Bliynchonell& (tig. Olj.- Shill impunctate, rather triangular, 
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inarj^in on raeh sitlo of tho ijnak hf‘ing straight ant] iho outer 
itijii-;;,nn eurvot), V'ontral vulv<‘ (joiiimonly down the 

middlu line, and dorsal valve bulged out to corresj>ond ; margins 
almost always bent into sharp folds, giving wcdl marked radial 
ridges down tho surfaco. Beak sliarp and bent over downwards 
and even iiLwards ; fciramen Ixdow it, eomnumly sarrounded by 
tin* deltidiuin (compare Terebratula). No loop, the crura alone 
bring present. 

Ordovician to Recent. 

Pentamerus (lig. G'2), — Allied to Rhynchonella. Shell impunc- 
tate, markedly intquivalve. and strongly convex ; smooth or fur- 
rowed. Beak curved downward.s; no deltidium. Median septum 
in ventral valve strongly developed, dividing on its free e<lge into 
two diverging septum dike dental plates, between which a little 




cljamber is thus formed, open at the end away from the beak. 
Tin* dorsal valve lias two .septa, arising oiu* on eaeli side of tlie 
central lino, wliicli appnmeli the. dental plates. The remarkable 
size of these strnetures in proportion to the cavity of the shell 
canse.s it to break o[)en easidy along a surface formed hy the 
ventral septum, one or otlier dentjil plate, and the corresponding 
dorsal septum. The septa can sometimes be traced as lines on the 
convex exterior of the .shell (fig. G2). Casts show ehavacteristie 
det'p grooves in the plact^ of thest* internal partitions. 

Ootiamiian and Ih'iiXinian. 

Catn&rophoria. — l.ike Rliynolmnella, hut with an internal 
structure reseiublitig tliat of IViiitainerus on a .small scale; one 
septum in the i bursal valve, dividing on its edge. 

to Rermiani especially the latter. 
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Spirifer ( 65 . 63),— She\! impunct«te, commonly with a median 
Tontral furrow aud dorsal rid^e-like fold m iu UhynohonelU ; 
ce!i orally also marked with raduv! grooves. Hinge- line straight, 
nfken forunn-j: the longest dimension of the shell, and even causing 
oar- like exjiansions of the margin just, below it. Ventral valve 
with prominent sharp beak, very commonly curved over; area 
triangular; foramen triangular, ch‘) 3 ed over in part by a psoiuio- 
deltidium. Dor<;il valve with small narrow area; brachial spires 
prt^sent and highly developed, as may fairly ofleil bo seen on 
bn*aking open the shell (fig. G4). They occupy almost all the 
valve, their apices being directe<i (uitwanls. 

S. P, Woodward not« that silicifietl s|>ecimens occur in which 



Fig. M.--.‘?pirnYcr (Carhooi- Kig ft."}. — .S^;Mn/cnaa HVro/Yii 

fenjiwi. Broktn open to slmw (Lias). Showing punctate 

hrachul spire, character. 

‘spire.s may b<‘ fre<-d by the use of acid fi^tun tin* matb^r that 
oUcores them. 

Ootlatuluin to /‘ermmM. Very abundant in species in the 
D^t'onuin and Cftrhom/frmis. 

Spirifehna (tig O'*;, — Like spirih r, Init punctate, and with 
a median septum in the ventral valve. Typically smaller than 
Spirifer. Perforations can easily be seen witii a lens, especially 
on slightly rubljed specimens. 

Carbonx/eroTiS to Lins ; typically the latter. 

Rctzla.— Shell punctate ; marked by strong radial riba, 
Foramen, with deltidium under it, in ventral valve. Spires 
in <lor 8 al valve, much as in Spirifer. 

I'lie genus, in its usual wide sense, is GotUudian to Truu, 

MeristelU (formerly classed with Athyris).- One of the Spiri- 
ferida^ Sliell impuncUte, snuKjlh, and resembling in form a 
wide Terebratula, but without the foramen of that genua. 
Well marked median septum in dorsal valve ; spires similar to 
Spirifer. 

OoUandian and Det^ian. 

Atrypa.-~ 8 beli impunctate, and resembling Uhynchonella, but 
typically with a atraighter hinge line. Foramen in beak, which 
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is curved over ; deltidium below ; no area. Dorsal valve with 
large spires, their apices directed towards the central part of the 
inner surface of the valve, and thus nearly touching one another, 
Ordovician to Trias; especially Gotlandian and Devonian. 
Koninckma. — Form somewhat like Froductus; dorsal valve 
concave. Apices of spirel directed outwards. 

I'rias of Alps. 


Orthis. —Shell punctate, commonly approaching a rectangular 
shape, the valves often almost equal, and both only slightly con- 
vex ; marked with radial grooves in almost ail cases. Hinge-line 
straight, but shorter than the greatest width of the valve ; each 
valve with an area which is notched in the centre, the two 
triangular notches together forming the foramen. Strongly 
marked muscular and vascular impres.sions. Cardinal p ocess 
not divided (in some allied genera it is furrowed) ; brachial 
crura present, but small, and neither loop nor spires. 

//, Cat/ brian to Caibotii/erous. An extremely abundant genus 
in the older Palteozoic. 

Strophomena.— The Strophomenidae have received of late con- 
siderable revision, on account of variations in the internal 
characters of species previously grouped under the same genus. 
Stropliomena itself now includes shells without crura (compare 
Orthis), and with ventral muscular area bounded by rai.sed 
margin. Ventral valve concave, dorad convex. (Example: — 
StVfphouieita THijo^a.) 

Ordovician. 

Lepteena.* — Like Strophomenain general, but with dorsal valve 
concave, ventral convex, and broad shallow venttal muscu ar 
area. The edges of the valves are often bent sharply over in 
a dorsal direction. Flatter part distinctly wrinkled in con- 
centric folds. (Example: — Lepfania rh- mbovd*xDs,) 

Ordov 'einn to Carboniferous. Doubt hang^ over all the spe ies 
recorded from the Lias. Muirer-Chalmas finds that some possess 
l)racldal spires, and ha.s referred the n to a new genus, Koninck- 
ella {Dull. sac. tjeol. Fran'c^ 3 me. scr., t. viii., p. 279). 

Rafine8quina.~Like Leptienn, but witho it the abrupt bend in 
the shell, and unwrinkled. (Example :—7?rt/»w.'7«tna firoyho- 
mena) alHnv\ta.) 

Of^mcian. 


Productusf (fig. fit)).— Slitdl punctate, the perfor.ations being 

•Soo Hall, Pal. o/'/Ww York SUtic, vyl. viii. {1S5>2), Ar. 

+ On this genus and its rhI) division, see I. TImuhos, Mm, Qeol Snvv. 
Ot. licit., Palifontologj/, vol. i.. pt, 4 (19U) 



320 iJKU'HlOrODA. 

produced in spines of various lengths. Not altacliwl .l»y n 
peiii.lc, as arc llu* prccciiinjij genera, but Irce, ur wcasionally 
filed by tlie spinose surface of the ventral valve.* Surface 



Fig. 66. — /Vw/K'*/ii-'f ji'jantati \C«rboniferoni). 


Bonietinu’S sinoolb ; more commonly ribbed, witb hollow spines, 
set mostly in the ueigjjbourluxKl of the Ikiny. Ventral valve 
Strongly convex, with curving Wak ; <lorsal valve concave, 
No To nunc n ; no hinge teeth, ilinge-line straight, Rometimes 
funning th** greale.st width uf the shell, with ear-like expansions; 
Souu^time.s shorter. 

Dti’vnian to renmmi. Kspeeially Cckrbimijh'imi, 


B, IVARTirUt.ATA. 

Valves not connected by a hinge, being kept closed by tho 
fcilducUir muscles, ami moved aj^irt in a lateral directiun bv 
“ prulractur sliding iniKsch tlint tlie apices uf ihi“ valves are 
made to diverge from one another Bulc'ways, instead of ajiproacle 
ing one another on opening, as in the m«'re common bniehiojutdH, 
the Articulata. 

liin^uU.~SheU formed of alternating lamellse of horny matter 
and phosphate of lime, the former j)rf'doininatiiig ; flexible in 
imxlern examples; jmneUte. Almost etjuivalve, each valve 
shaped like a flat shovel, pointed at tlo* l*eak, trunc^vted on the 
opposite margin. Smooth, or marked )>y mere delicj^to concentric 
growth-lines. A pe<iicle emerged l>e'weon the beaks of the 
valves. 

Or'iovician to /ieceti/. 

Lingoieila — Like Lingula, Imt with a vortical .slit running 

from the Uak of tfir scnttal valvi', ]3niliabl\’ to alhtw of tln» 

•,Si*e It, Ktheridgc, jun., Oii<irf. Jourtt. .Soc,, hT*}, p, 4.'4,aiiil lh7s, 
p. tSS. Hut I. TImniaH rc jurdH this ivceideutal, 
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passajffi of the pedicle. Muscular impressions stronger than in 
Inngula. 

L. Cambrian to Ordovician, 

Obolella.— Shell built up like that of Lingula, but with phos- 
phate of lime preponderatiug over the horny layers. Form ap- 
proaching circular, nearly'equi valve; valves only slightly convex, 
and concentrically marked. The l^eak of the ventral valve is fur- 
rowed on the inner side by a groove for the pedicle. Litfers from 
Obolus only gi form and position of muscular impressions, those 
near the centre of the valve in Obolella being v iJest at the end 
away from the beak, while in 0 bolus this end is narrowest. 

liotii genera have tlie same range, Camhrian and Ordomcian. 

Discina (llg. C7), — Shell minutely punctate, compo-sed mostly 
of liorny matter, Inequivalve. Form circular, smooth or 
concentrically marked. Ventral valve iht or sliglitly conical, 
with beak almost centml ; a foramen occur* close against the 



Fig. ai.—Idmiiia I’orhfidi (Wrnlock Fig. 6S.— CraJim fjari.'jieri.si# 
Iteds). (Seiioiiiaa). Interior of ven- 

tral valve. 

heak in adult forms, and from it a furrow sometimes runs externally 
towards the margin. Dorsal valve conical, with an excentric 
l>eak. The forms with a furrow have l>een called Orbiculoidea, 
and those with a ventral median septum Discinisca, leaving 
Discina only for Recent species. In its usual wider sense, 
Discina is Cambrian to Uccetit. 

Crania (fig. 68). — Shell shoeing punctation on inner surface 
only, the tubules breaking up into a number of much more 
minute ones as they near the outer surface. Calcareous and 
fairly thick ; sub-rectangular to circular ; surface smooth, or 
rihlied with ridges radiating from the beaks. Ventral valve 
conical and attached by the actual she 11- substance of the beak, 
which is commonly nearly central. Dorsal valve conical, also 
with nearly central beak. Botli valves have well developed 
muscular impressions and a characteristic broad fiat border 
marked by granulations. The ventral valve is naturally often 
found adberent to other fossils, wdtiiout the dorsal valve. 

Ordovician to liccenL 
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enAiTKu XXIV. 

FOSSIL OEN^ERIO TYPES. 

VII. Lamellibraocbiata. 

Is contrast with those of the Hrachioi>oilA, the bivalve sheila of 
these aiiiiiiaU have tvjjicalljr ecjual valvta Moreovorj hold tho 
shell so that one valve lacea the ol>.server an<l the umlos form 
the highest point; a viTtical plane passing through the umbos, 
and pt‘rpt‘iulicular to the plane of junction uf i)m valves, will 
divide the shell into two unoijual parts. Hence tho aliella are 



Fig 09,— '>lnapalliate Ijviufllihrite h [(.'ytKn*'a i/KroMn/n, Ollijncrno); Itfl 

valve, a, Iniprewinn* (jf the adductor imiJiclcs. a./., Autei tor lat< ru! 
to<Ab. (inxive ft«r the exUrnat hgaiueut A, ilin^e, with thim 
diverging canliiui t«H;th ; the mu Idle one is »livided hy a gr^xjvr. i, 
I^nuTe. p, Pallial line ; tin- iuf-dd <,r sinu* itiiUc«te» the jtOhiti«>u of 
the retractor rmiKle of tlie siplmns. m, I’mlH). 

said to l>e tguivaltn but inequUat^al. The longer |>art ia in 
almMt all cases the posterior. 

<Jne or other valvu may become smaller ; but in these inequU 
valve genera the ine<^nilateral ehaneter will probably betray 
itwdf tfig. 72). Himiiarly some genera have hhella that are 
practically eifuilaicral ; but a sliglit dith rence of the hinge line 
on either side of the umbo (fig. 91), or t he jitisierior position of the 
single internal muscular impression, will oflen serve as a guide. 

'fhe classifidUtion h*Te adopted seems suited to those wlui 
unfortunately have to deal with empty shells rather than with 
living molluscs; hut it must not he regarded in all cases as an 
expression of the nearest zoological alliance. The separation 
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of Tied a and Nvicula is a marked illustration of this. (See the 
intort'Sling discussion hj F. Bernard, Paleotdologie^ pp. 541-543.) 

Terms used ; — 

Anterior Border.— end of the shell where the mouth and 
foot were situated. 

Posterior Border. — The end of the shell where the cloacal 
aperture and, in siphonate forms, the siphons, were situate<l 

Uv\ho . — The beak or apex of either valve. This in the 
majority of*fornis is directed forwards — i.e., towards the anterior 
end. ^k)metinies bent round or even pointing posteriorly. 

Uvxge-tine or “ Hinge-border.” — The line along which move- 
ment takes place when the valves open. 

VeiUral Border. — Tliat opposite to the hinge line. 

Right awl Left Valves . — The shell is held resting upon its 
ventral border, and the anterior border of the shell is direct^'d 
away from the observer. The “right” valve is then to his 
right, the “ left” valve to his left. 

Ligament . — The “external ligament” (by which the valves 
would be opened unless held closed by the muscles within) is 
placed, in the main, posteriorly to the umbos, and sometimes 
leaves an impression above this part of the hinge-line. The 
“ int<“rnal ligament,” or “cartilage,” lies within, "ijelow the hinge- 
lino, and is set in ligame^ital grooiys or pits (figs. 84 and 93), 
which are seen near the hinge when the animal matter has 
disappeared. It may be remembered that the internal ligament 
becomes compressed when the valves close, and that its expan- 
sion causes them to open directly the muscular puli is relea.sed. 
Sometimes only one of the ligaments is present. 

Arm, or EscxUckeon . — A generally elongated oval area seen 
behind the umlws in some genera, when the valves are united, 
and running some way along the hinge-line. 

Lun%de. — An oval area seen, when the valves are united, in 
front of the umbos. 

(taping. — When the valy^s are closed, and yet leave an 
opening at one or both end.s, the shell is said to be gaping. 

The following structures must be noticed on the interior of 
the valves 

Gardind Teeth. — One or more processes, fitting into sockets 
in the opposing valve, and arising ntar the centre of the liinge- 
line. The teeth thus alternate in opposite valves. The true 
cardinal teeth arise below the umbo, but may extend back 
obliquely from it, so as to stimulate lateral teeth. 

Lateral Teeth — Similar processes commonly ridge-like, towards 
the an'ei ior or po.sterior end of the hinge (figs. 09 and 73). 

Muscular /mpewsions. — These are shallow, fairly circular, or 
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jx'ar-shapoii pits represeiUiiig the surfaces of attachment of tho 
aiUl actor muscles, or muscles used in keeping llm sliell closed. 
tk>iue times only one (the jHisterior), sometimes two, are present 
iu each valve. NS’lien the two impressions are fairly equal in 
area, the slicll is that of a IIom»mi/arMa ; when the anterior 
impression is sauiller, it is that of a lif^teromyuriaii. Tim animals 
with only one adductor muscle arc saiil to Ihj .l/o/ioniyarmn. 

iW/m/ — This is a faint impressed line, parallel to tho 

border of the valve aiul .i little way within it, representing tho 
line of attachment of the mnsclcs that .are phtcinl near the tnlgo 
of the min tie. If it is continuonsly convex outwardly, the 
shell is iiid to be inU^ij>cUliaU. If it is more or less indented 
by a i^llial sinus, tho shell is Wnupn/Zm/e. 

Pallial Sinus . — An infold of the posterior j)ortion of the 
pallial line, sometimes a mere shallow curve, sometimes deep 
and extending t aek even beyond the emitre of the valve. This 
occurs only in forms which can extend and retract their siphons. 

The structure of the shell-substance itself exhibits two layers, 
the whole being covered in life by a skin, or ‘'jHjriostracuin." The 
outer layer, some times thick, sometimes tliin, consists of calcarwjus 
prisms in contact along their walls. Hero ami there a polygonal 
iuiersjface occurs. The tibrous structure seen on cross-fracture 
of luoceramus is due to well-developed prisms of this natuie. 

The inner layer is formed of delic.ate, compact, and pearly 
lamella^ aotneiimes accumulated to a gnat thickness. These 
layers occasionally leave irregular iiiterspacos or chambers of 
tlattened and curving form, as in the tliickened region near the 
\jml'0.s of sfinn* oysters. 

The fehell-Hubfitance is sometimes calcite, hut mnst f'ommonly 
aragonite. Or, when both minerals are present, the outer layer con- 
sists of calcite, the inner of aragonite. The mineral constitution 
of the shells of many genera yet awaita investigation, and tho 
usual alteration of nragonit<' in old forms into granular ailoite pre- 
cludes certainty of determination in some extinct examples. 

The lamcllibranchiaUi are mostly marine; the fresh -water 
types referred to wdll Iw specially indicated. Some genera are 
attachf^i to the sea ifoor by the shell itself ; others by tibrous 
outgrowths, the issuing near the umbos ; others are free 

and locomotive. A few lamelHbranchs, of different families, 
>>ore into mud, wood (os Teredo, the ship-worm), or into other 
shells, corals, or even the liordest stone (as I’hr>las and Litho- 
domus); the cavity thus made is callwl a crifpt, and is increasM 
until the aniinal and shell attain their full development. Thus 
the animal cannot leave this cavity, cominunicution l>eing kept 
up with the exU-rior through the narrow o^n ning which repre- 
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8('iit8 the first stage of the boring. The siphons are turned 
upwards, the anterior end of the anitnal being downwards, and a 
calcareous siphonal tube is sometimes developed, the small sliell- 
valves becoming dwarfed by comparison and incoiporated with 
tlui tube, and the wliolo shell thus appearing cylindrical. Asper- 
gillum is one of the most remarkable examples, 

lioring sheila are often represented merely by casts of their 
crypts, which are often cluh-sljaped, tlie short handh of the club 
Ix-dng llie result of the infilling of tlie narrow entry to tho cavity. 

Fossil siphonate sliells are occasionally found — and sliould be 
looked for — in the position in whicli they lived in tlie soft mud 
wiiich ultimately entombed tlieni ; their umbos are thus directed 
downwanls, and their siphojuil ends upwards, in tlie stratum. 

A. IIuMu.MYAEUAN SlPlIONATK FOUMS WITH PaLLIAL SlNUS 
(SiNi: i’AL liatk). 

Tho adductor muscular impressioii.s are two in each valve, one 
jiusterior, one anterior, and fairly eijually developed. The 
auinial possessed long ri'tractile siphons. In cert.'iin exceptional 
lamilies tln-se siphons ari‘ mu-ased in a calcareous tube projecting 
far beyond the limits of the valves. 

Cytherea tfig. (19), — Shell tliiek, apjiroxi mating to circular, 
iiiiiho well forward, witli liinnle. (lenorally concentrically 
marked. Three diverging well developed cardinal teeth in each 
valve. An anterior lateral tootli in left valve, Pallial sinus acutc- 
angltai, moderately developed. Inner margin of shell smooth. 

Cretft/:cons to licce.nt. 

Veiius. — Juke Cytherea, but without lateral tooth, and com- 
tnonly with {lelicatcly grooved inner border. 

Jnnissic to liectnt. 

Tellina. — Slightly inequivalve. Shell thin, elongated oval, 
rounded anteriorly, more acute behind. Umbos a]mo.st in 
centre*. Concentrically marked. Hinge nar- 
row ; in each valve two cardinal teeth, and 
commonly an anterior and j>osterior lateral 
tootli. Sinus very broad and deep (tig. 70). 

Cfi'UuroHs to keemt; this genus is par- 
ticularly rich in living species. 

Panopaja (Glycimeris). Shell thick, often 
large, and approaching an elongated rectuigle. 
Ga]>ing at both ends. Umbos rounded and 
placed well forwaixl. Couceutrically marked. 
One cardinal tooth in each valve. 



Fig. 70. — TfUina 
(Post ' IMioct'iuO, 
Kight valve, 
showing the largo 
pallial sinus. 
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Xo/e. -The limit6 of this goioi ftr« somewhat obscure. 

I^fauy older formB referred to rauo|>{eA are now 
|>Uced with the PhoUdomridie (Gresslya, <kc.) 

Pboladomya, — Shell thin, eiongRled or obliquely oval, markedly 
convex ; gaping behind and sometimes in front. Anterior border 
a little truncated. Umbos well forward. Escutcheon soutc- 
times pre^nt. Marked with knotty radial ribs, ^particularly on 
the anterior surface; also with more delicate concoiitric linea. 
rraotically toothless, one obscure process occurring in each 
valve. Sinus broad and fairly deep. The thinness of the shell 
makes casts alone commonly met with. 

Auu to Characteristically JuraAiic. 

Goniomya. — Like Pholadoraya, but marked with rather delicatt) 
ribs, forming Vs, the angle of which is directed towards the 
middle of the ventral l>order. 

ERj|K*eially Jurassic. 

Homomya.— Like Pholadomya, rather elongated, gaping at 
both ends, but with only concentric striations. 

2 n'<M to Crttac&Ais. 

Gresslya. — Also onf’ of the Pholadomyida'. EIongate<l oval, 
much like the longer Pholadomya^, but right valve MOirn*w}»at 
larger than left, the umlx) rising higher. Umbos well forward ; 
tunulc present, no escutclicon. Coiiccntriniliy marked. No 
teeth. Right valve with a ridge running along the hinge-lino 
from the umbo j>osterjurly, which leaves a furrow iu the 
casts that frequently occur. Compare Ceromya. 

Trias to Jurassic. 

Cerotsya (Isocardia in J>art).—inequi valve, somelimcM the 
right, but more ctiuimonly the left valve being slightly the larger, 
the umlxi rising higher, as iu Gresslya, and the j posterior liorder 
overlapping that of the other vaivc. Approximating to circular, 
strongly convex, slightly gaping. Umlxis large and well rounded ; 
lunulfi feeble or aljs*-nt. Concentrically marked. No teeth. 
Ridge in right valve, as in Gteaslya. Commonly found as casta. 

'l ypically MiddU and Uj)ptr Jurussic. 

Mactra.— Shell fairly thick, ajiproximately triangular, rounded 
in front, more {xdnted liehind ; gaping Hlighiiy [>osU‘riorly, 
Coucentricaily markfKj, A cardinal tooth in each valve, bifur* 
eating, and thus Kha|>ed likf? an inverted V; l^eliind it, and still 
under the umbo, a triangtilar jpit, which marks tlie jposition of 
the cartilage or internal ligament. A sownd cardinal tooth, of 
lamellar shape, is somelimeH present. Anterior and pustertur 
lamellar lateral teeth well marked, those of the right valve being 



LAMRLLIBRANCniATA. 


327 


double— t.tf., consisting of two parallel ridges running along tlic 
hingedine. Sinus sliallow. 

Middlt Jurassic to Recent. Es]>ecially Cainozoic. 

Mya (fig. 71). — Inequivalve, left valve tlie smaller. Elon- 
gated, somewliat oblong ; gaping markedly at both ends. Umbos 




Fic- 71 . — -tVya truucata {Post- Fig. 72,— Cor6«/api«tm (Oligooene), 
Pliocene). Ijcft valve, showing Showing inequivalve character, 
the large apoon like process be- 
neath the umbo. 

approaching centre of margin. Concentrically marked. Left 
valve with a well developed sjioon-like process under the umbo, 
for the attachment of the cartilage. Right valve with one small 
cardinal tooth. Sinus large and deep j pallial line often shows 
strong subsidiary impressions running upwards from it. 

The Mya-s burrow into sandy mud, particularly near the shore. 
}fioce)ie to Recent. 

Gorbula (fig. 72). — Ally of Mya. Inequivalve, left valve much 
the smaller. Shell small, oval, produced posteriorly, ending 
there with rather a straight border; not gaping. Concentrically 
marked. One ci\rdinal tooth in right valve ; left valve with a 
process much like that of Mya, wdiich fits into a groove behind 
the tooth of tile right valve. Sinus quite shallow. 

Marine or Estuarine. 

Trias to Recent. Especially Caimme. 


Leda.— Shell small, elongated and narrowed posteriorly, with 
umbos directed backwards. Hinge-line bent, with numerous 
transverse toi'th, as in Nucula, with which Letla should be com- 
pared (see fig. 80). 

OoUandian to Recent. 

Teredo. — One of the Plioladidre ; the so-called ship- worm, 
bliell small, each valve three-lobcd, the central lobe the longest. 
Concentrically striated. No true hinge or ligament, the valves 
being quite subsidiary to the great siphonal tube, which extends 
Gar beyond them. 
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Tl»e U^ringsot' this molluso are tubular like those of worms, 
hut typically souicwliat straightcr ; they are found coimiioiily iu 
fossil wikkI, Hi in the London Clay, either euijity or infilled with 
mud or crystalline deposits. 

Liiu to liecenL Es])eciidly Cumocoic. 


B. Homomvaisian Siphovatk foums wmiour* Pallial 
.Sims ( Inteukipallutk). 

The atiduolor museuUr impressions are two iu each valve, as 
in the prec&ling group, and the absence i>f tlie pallia! sinus 
inakf^s the interior of the valves resemble those of iinmomyarian 
asiplomate forms. The siphniis of the animal wm* not retraetilo. 

Cardiam. — The ovinmun tV-kle. .Shtdi fairly thick, appnixi- 
niately circular, or idongat 4 'd in a vertical direction ; snmetinies 
sliijluly giiping behind. Umbos rather largo and n)un<led. 
liadially ribWd, the ribs commonly ornamented with protuirer* 
ances. Two ciirxlimd teeth ami an antiTior and |KWterior lateml 
in oaeh valve (llg. 73 ), Inm r Ijonlor nrHched, 

Kornjs with rarlial marking.s i.n the posterior part only, and 
lorKN ntric on the remainder, have U-m sometiun-a divided olF 
Liud. r the name Protocardia. 
lihff tic to ; p.'i|>rri.ally Cnhinzoic. 

Conocardium (tig. 71 ).- Sht-il hcart-sliaped when viewed from 



Fig. TX — Hinge of Cnrdium rtlnh, 
(Itocent). \^it valve. _ r, I’he two 
cardinal! t.-ah. /, The riJge like 
Ult.raJ teeth. 



Fig. 'H. — Conoranlium tU^onm 
(Carbon ifergus). 


the trout, but som- w hat elongated Ijehind ; strongly convex. 
The anterior end in tnineated, the umbo being close to it ; just 
below the nml)0 a tul^e like prolongation of the sliell run* out in 
contianatiou of the hingedine. Uaping at the posterior end. 
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Hjwiinlly uiarkcd; margins sharply folded by the ridges and 
furrows, Almost toothless. 
irotlundian to C'cirboni/erous, 

Cyrena (fig. 75).— Sliel! thick, oval, sometimes rather acute 
posteriorly. Oimceiitrically markc<J. Three cardinal teeth and 
an anterior and posterior lateral in each valve, ^rnetinie.s a 
slight pallial sinus. In the sub-genu.s Corbicula the lateral teeth 
are elongated and transversely striated. 



Fig. 15, — C}/rcna nvni/ormis (Lower London Tortiaries), 


Brackish or fresh ‘Water at present day, but often as.soeiatcd at 
rivcr-iiiouths with typically marine shells, mid hence of little 
vh 1 u<' us a guide to conditions of deposition. 

/uw to lieomt, 

Cyclas (Spha^rium). — Ally of Cyrena, but shell thin and nearly 
e«juilak’ral. One feeble cardinal tooth in right valve and two in 
left, bimcllar anterior and posterior lateral teeth. Fresh-water. 
The reference of Wealdon species to this genus liaa been criticised, 
though very generally mada Sandberger quotes the earliest 
Oycla.s as Eocene, referring older forms to Cyrena, ic. 

Cyprilia.— yhell tldck, oval, resembling Cytherea; markedly 
convex. Concentrically striated. Two car- 
dinal teeth and one posterior lateral tooth 
in each valve. Tliere are also two feeble 
anterior lateral teeth in the right valve ; 
and in the left valve one anterior lateral 
{Fhcher). 

Lias te Recent. 

Astarte (fig. 76). — Shell thick, approach- 
ing circular at times, at others obliquely 
elongated. Umbos rather pointed ; hinule 
generally present. Concentrically marked. 
Two cardinal teeth in each valve; no laterals. 

Lias to HeceiU. Especially Cat nosow. 



Fjg. 70. ~ A aarU 
cknam (Inferior 
OoHtc). 
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CiTdiU. — Slu'll .somewhat likr ('aisUum, hut oeoa' 

sioiially I'lunjiaUHi. rmUvs well furwiini. Uuliuilv rihlK'd. 
linH'r lK>rder notrlii‘il. Two olongaUHl cardiiml H'otlt, and a 
ftvbh' anterior latend, in valvr; two divoriffnt cardinal 

tee til. and one tV:‘ble posterior lateral, in left ^'alve. (As to 
dirti(Mdty in reading teeth in Card it a, see Fischer, C'one^yi- 
p. 902 ) 

Trias to Hecrnt, Rspeoially C’oOieiOiV. 

Venericardia, — Mnoh like Carlita, Two to tlmv ohliquo 
eaixlinal teeth in right valve ; two cardinal te«‘tl» in left valve. 
No lateral tooth Interior of margin of shell distinctly notciiixl 

£ocrne to litcnit. 

Ciussatella. — Shell decidedly thick, oval, truncated slightly at 
posterior margin. Lunule present. Thrt^ cardinal teeth in 
right, two in left valve ; an anterior and posterior lateral in liolh. 
Pit for cartilage immediately below the umbos, and behind tho 
middle cardinal tooth of tlie right valve. 

CreiactoM to litcetU. Especially U. Cretaceout and A’oc<fnA 


Cardinia. — Placed by S. P, Woedward near Garditn, hy other 
authors as an asiphonatc form near Uniu. Shell elongated, oval, 
thittencd at the aides. I'mlx) well forward, ('oncentrically 
marked. Two canlinal teeth in left valve, one in right, ihrir 
feeble development being a characteristic feature; anterior 
lateral tooth in right valve, elongated jiosterior lateral in left, 
well develope I. 

Jurtu^. Especially Lias, 


Chama. — Inequivaive; commonly attached by the umbo of the 
left valve, the upper valve, which i.s therefore gcucmily the right, 
la-ing the smaller. Shell thick, almost circtilar, UuiIkjm of Inith 
valves bent forward and curved over, as if nlxiut to coil spirally. 
Concentrically tnark<;d, the «nct;eiwivc shclidayeni pn>lrmllhg 
Irf'ucath one another with irregularly serralcfl edges, giving 
the surface a foliaceoua appearance. One stout cardinal tooth in 
upirtjr valve, two in lower, between which the firshnamed (lu. 

Lower CreUireoUi to RccenL Especially C’ainownc. 

Dicaraa.— Slightly inwjuivalve; attached by uml>o of one or 
other valve. Shell thick, approximately circular, Umhos very 
pn^minent, each l>eing spirally curved and recumbent, as it were, 
against the stir&ce of tlie shell, (.’onccutrically mnrktai. Right 
valve with one cardinU tooth, somewhat flaitenod and folded ; 



LAMELLIBBANCUIATA 


331 


iilfco H smaller tootli near the anterior end of the hinge. Left 
\alve with one curving tooth, which is elongated parallel to 
the border. The curved muscular im- 
pressions are bounded by ridges, which 
leave spiral grooves on the casts that 
often occur; these grooves run almost 
vertically down towards the edge repre- 
senting the margin of the valves. In 
such casts the umbos appear still more 
distinctly prominent, the spiral turns of 
the internal moulds not being in contact 
with one another. 

M. and U. Jurassic [Tithonian). 
Hippurites (6g. 77).— This extraordin- 
ary shell, a representativeof analtogether 
exceptional family, the Rudistse, is now 
regarded as allied to Diceras and the 
ntlier Cbamid», particularly through 
Jlonopleura, in which one valve is coni- 
cal and the other like an operculum 
fitting on it In Hippurites the shell 
is also very in equi valve, the lower valve, 
which is the right, being conical, or more 
often cylindrical, terminating in a cone 
at the base. This valve is vertically 
ftm rowed and ribbed. Left valve small 
and flattish, strewn over with the small 
a]»ertures of canals which perforate the 
shell ; radially ribbed in most cases, with 
ocntml umbo; resembles an operculum 
when closed down on the large right 
valve. The interior of the left valve 
bears long vertical ]>rocesses corre- 
s]K)nding to teeth, which fit into deep sockets in the lower valve. 
The chamber in which the animal lived is quite small, the 
lower part of the sliell being filled up by the deposit of the 
inner aheli layer, which produces a succession of irregularly 
curving partitions, with interspaces, A similar infilling occurs 
within the long umbos of certain oysters. 

In some allied forms, as RadioUtes, the outer prismatic shell- 
layer presents on fraclurc a coarse structure of hollow i*ectaiigular 
cells. 

The resemblance that the shells of Hippurites, (iic., bear to 



Fig. 77.— //tppunVw (Sen- 
uihiiu]. Left (opercular) 
vftls’c removed. 
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cMfAls is soinrtijius iiuTi'nsotl Ky \lioir oiusttM'in;' tog<’thcr am] 
growini' up si«U? by side iti groups, 

Entirely CVt u tvuj ; particuluily in the liiglier IkmIs. 


C. HOMOMyAUI-VS A^ill'llONATK FORMS (I STKUUIFAM,! ATK). 

The animal tiues nut pixssrss liistinet siplunis. The impres- 
sions of tht' anterior am! posterior mlduetor muscles uie priKti* 
cally of the same si/.'. Shell typically eijui valve. 

Area (tig. 7 S). — shell thick, approaching rectangular; markedly 
convex, rmbos prominent and routuhal^ wdlh a triangular 
striated aiva IjelMe^m them and tlie hijige line, forming a aiirfnce 
of attachment fur the ligament during life. Radially marked. 
Straight hinge-line. Teeth very numerous in c icli valve, forming 
well-markeil short UM!.>vcrs»' ridge.s on the broad surface of iIjo 



Fifc. T** Af'-n X'f di'-eritv. v.ilvc, 

-.'h'jwui,: Af-a U^eAlh b.c utul»o, aud 
the mirncroua 



Kig. 79 fffir- 

duiyn 


hinge, tlie wries extending on each side ot the UTidH> nearly to 
the lateral margins. 

Rre-c'-cene forms are [a.*rltaps more aiiii(l to I’arallelo^lon. 

OriJi/rrician to //.’.y n/, 

CyrtodonU (Palaarcaj. — Close ally of Area; umho near anterior 
border. Some of the teeth lie lameatli the umbo, otliers are set 
near the |,♦o»Terior fart of th*- liinge. Concentrically striated. 

(.'anJ/ruin to lMrot>uin. 

Cticollsa (fig. 79), — 'iiike a .stout Area in form ; but the teeth 
nearest the anterior and jmsterior margins are set parallel to the 
hinge-line, forming horizontal ridgi s. Coiuentrieally striated, 

Drv^/nuin to Espf-cially Mesozoic Wliidbnrne, J‘al. 

“ Devonian Fauna,” vol. lii. p. 109 , includes two 

Devonian sf>ecieH. 

Paralleloaon (Macrodonp- Mm ii like Cucuila-a, l^ut u min) more 
anterior, and anUTior teeth transverse, j»osterior parallel to 
hiage-Une and ridge-like. 
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Dn'())mn to Kocoie, Especially Carbonifttfuus. 

Pectuncufus. Shell thick; valvt'S alioost circular and equi- 
lateral Trianj^iiUr li^ainental surface qa in Area, In most 
species radially ainl rather delicately marked. Hinge- line curved, 
with numerous transverse teeth, those nearest the centre being 
obliterated as the shell approaches old age. Inner margin of 
valves notched. Slieil aragonite {Cornish and KendaU). 

Lowrr Cretaceous to Hecsid. Especially Cainozoic. 

Cardiola. -•Form intermediate between a typical Area and a 
Pectiinculua, Umbos distinctly anterior and slightly twisted. 
Eigainental surface under them as in Area and Pectunculus. 
Surface furrowed radially and concentrically, so as to give a 
nodose aspect. Hinge-line straight, Believed to be toothless. 
The alliance of this shell with the Arcidae is fairly clear, despite 
the obscurity as to its teeth. 

GotUvullan and Devonian, 

Nucula ^tig. 80), — Shell .small, somewhat triangular, the umbo 
forming the apex. The umbos point backwards, the smaller 
half of each valve being thus, by an exception, posterior.* Hinge- 



Kig, CJM'liii (IVst-PlicK'eno). Tlie right valve shows the 

miiiierous hinge-toctli aiid the c;\rulagcq>it. 

border jurming tw'o lines diverging from the umbos ; the teoih 
resemble those of Area, and are set along the two diverging lines 
of the hinge. A pit for the cartilage occurs under the umbo. 
Uoncentricftlly or radially marked. Uoin[tare Ijeds, p. 327. 
(iothindian to Decent, 


Trigonia.— Shell thick, typically rather angular at umbo, 
rounded anteriorly; drawn out, but finally truncated, behind. 
Umbo bent slightly backwards. large area or escutcheon is 
common iy formed on the posterior surface, Imiinded on &ich 
valve by a fold, wliich runs from the innlM) to the lower point 

* On this iwinfc sco Vcrrill and Bush, Am. Jonni. aer. 4, vol. iii. 
{WIU p. 52. 
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of the tnmoatod Imnier. A subsiiliary c*scut<’ljcy)ii is formed 
within this l*y anoih»'r pair of folds, which oc'cnr much iicnror to 
the hiiijjc line. XIarkai with noiloso radial (rarely concentric) 
ribs, which arc generally coarsely developed. The jKJsterior art's 
aiove describcKl is often smoother limn the rest of the surface, 
and is marked by stria' parallel to the truncalcil Ijorder. Two 
diverging pUte-like canlinal in right valve, with pamllel 

groovcxS on their broad sur<acoa ; one strong o-ntral tooth in left 
valve, w ith a feebler on each side of it. 

When the shell is lost, the fossil forir.s are representtnl by 
casts, in which the nodose ribs are wanting. Hence the char- 
acteristic form, anti particularly the iiu press ion.s of the furrowed 
tct>th, must W taken as a guide. 

L 'uu to Very rare in t'ainotoic; abundant in 

SchilodQS. — Foim much like a small Trigtmia. Surface 
smooth, Tet-th like Trigonia, but not furrowed. 

Typically /Vrj/u'au. 

tfyopboria. - - Form somewhat like TrigrmU, with an external 
ndg'‘ and furrow running obliquely from the uiuIm) to the june- 
ti'-n of the ventral and posterior Irovders. Smooth, or rilil^'d 
concentrically or radially. Teeth as in Trigonia, but the iintcrinr 
one in the right valve is n«tt farrowed. 

ThU g. nus is w ith difficulty separated fn>m Trigonia, but the 
f-hells are typi<-allv fim.vUer and not nodwte. Nor is the umbo 
BO angular as in Trigonia. 

TritU. 


0nio.— Shell fairly thick, elongated oval, and sometimes ap- 
] broaching a pafallelogratn. lJmlK>s well forwanl. Commonly 
rather snujoth, concentrically marked. Two irregular teeth in 
ea^h valve; thes? are fnIlow(y| by one pfjgterior lateral trxdh in 
right valve, and by two in left, elongated parallel to the border. 

Fresh- water. 

7'nrtjr to H^crnt ; especially abundant at the preaent day. 
AnodoDta. — Shell thin; otherwise like Unitn but devoid of 
P ftth. Fresh- water. 

ArchanodoiL^Early ally of AnodonU. Probably toothlew. 
V. l)*ic jnian (d. JukfMx), in jaisaage-lK'fU to Cai iMUufenma, 
Carboolct^ (Anthracosla).— Outwardly has some rcmunblance 
to UarditiU. One cardinal tooth in each valve; no laterals 
Pr^biy Fresh water (Iflnd). 

CW-.V'rn»yr^jr, 

OrtbonoU.— F.b*ngat‘ d, oval; uniWis nwir anb-rior end; well 
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marked ;unule. One or o folds run obliquely from each umbo 
to the base of the posterior margin. Hinge-line straight, with one 
or two small cardinal teotli. Of somewhat doubtful affinities. 

OrJovicutn and Gothindian. 

*Vorc. - Gram my sia is elosely allied, but ita muscular impressions 
would arbitrarily remove it to the lietcromyaria. It is characterised by 
obst-nce tjf teeth and by two or more grooves and ridges running fr^)ni 
the ui'iIk) to the base of the posterior margin, and forming a broaxJeror 
«m newer Ixaad across the concentrically striab d shell cr across its casts. 
Tlie form is fciius much like OrihonoU; also like Modiola. Ootlimlian 
and Dtvoninn. 

D. Hetekomyarias Siphonate forms without Pallial 

Sinus (Integri palliate). 

For muscles, see section E below. 

Dreissensia (Drelssena).- Though a siphonate form, this is 
a close ally of Lithodomua and Modiola. Shell like Mytilus, or 
approximately quadrilateral, with an anterior opening between 
llie valu es for tlie liyssu.s. Hinge-line samewiiat curved; umbos 
terminal. Often a fold, as in .Modhda, runs from the umboa 
towards the base of the po.sterior margin. Smooth, or con* 
centrically marked. One or two feebly developed cardinal 
teetli, accompanied below the umbo by a plate which bears an 
impression of the anterior muscle. Inner shell-layer absent. 
Fresh and Biackish Water. 

AVcnc to Hr o ut. Espct ially .Pioccnc and Pliocme. 

Corgcria.-“A marine ally of Dreissensia, with a small proce.sa 
fur pMlal muscle behind anterior muscular impression. 

Ctiinozoic anti Abundant in tlie shallowing Miocene 

and I'lioeene, sea.s of Europe. 

E. Hktkuomvarian Asiphonate form.? (Intfgripalijate). 

The impression of the anterior adductor muscle is much 
smaller than that of the posterior. Shell often inequi valve. 

Avicula.— Inequi valve, the l^ft valve more conve.v than the 
right. Typically rather small ; obliquely oval, often resembling 
tljc shape of an in.sect’s wdng, Straiglit liinge-liue ; umbo Uut 
very prominent. The shell is eNpandid posteriorly under (he 
hinge line to form a well-marked ear; a much i mailer ear, 
notched for the exit of the byssus by vhich the animal was 
attached, o.cur< in front ol the umbo. Commonly marked 
radially. One f< eble cardii al tooth, and sometimes a ]<»ng 
posterior lateral tooth, in lach valve. Cartilage pit broad. 

Ofdimcian to H cent ■ but characteristically .Ueaozoic and 
Cairioioic. 

PteriDea.— Much like Avicula, hut with larger posterior ear,' 
and a numbim of shurt hinge-teetli ; thro^ or more elongated 
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posterior hileral teeth rim obliquely from uniler tlm umlx) 
towards the centre of tlie large jK^sterior ear 

tM/ori<*iori to C’ar6io»iVert>nA'. Mostly I>n'onian. 

PosidoQOmya (dg. 81),~-Equivalve, Shell lit in and laterally 
compressed. Obliquely and rather brondly oval. Umbos not 
prominent; hinge-line abort and straight, without true (•ai's. 
Concentrically marked. No teeth. See K-stlu ria (Phyllopoda), 
On/onViafi to Jurassic. E8j)ecially Carlumifirous. 

Honotis. — Et^ui valve ; typically small ; form much like Posi- 
donomya, bat with a small rounded anterior ear and a more 
marked posterior one. Padially marked. No teeth. 

7rja^. 

Daonella. — Ally of Monotia Form rather semicinmlar, with 
a fairly long straight hinge- line. No cars. Umbo.s almost 
central and not prominent. Radially marked. No teeth. 

Trias. 


InocenuUQS (tig, 82). — Somewliat inequivalve. Varying much 
in size, some 8jwit*s mmsurin^ two feet or more across. Form 
obliquely oval, with a straight hingo-line. Umbos fairly prominent, 
sometimes twisted, and set well forward. CW(‘ntricaliy ami 
bolfiiy furrowed ; nindy nidially furrowed. The hinge-i«)nlrr 
bears, when viewed Injin within, nuMu‘rr)Ui closely-set cartilagie 



Flg ^1.— Powioawaytt (Oar- Pig. 8ti. — / >ioccr« m»A Cu rifri 

booUerotu). . (Sf-nnnian). Right vaK«, 

piu, which He transveriMily to tho length of the hinge. No 
teeth. Compare Pema l>eIow. 

The outer layer of the shell is commonly well preserved in the 
•pmea from the Chalk, though not in those from the Oault ; 
it ii easily recognised, even in fragments, by iu fibrous cross* 
fracture (see p. 324) an<l is often /} mm. thick. The inner 
surface of these fragments is «fen to be smooth and slightly 
undulating. 
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A aub genuB Actinoceramus {lig. 83) has been established for 

the siugular apecieM with uct p radial fuuuu.-,, but UunHitional 

forms occur. 



mg. 83. — yitoz-erarntM [JciinO’ Fig. 84.— /^ema ifuiiefi (Atherfield Clay). 

ceramus) nlcatut ((jauit). Showing (a) the series of ligament- pita 
in the hinge-Une, which is in this species 
exceptionally prcKluced. 

Metozoic. Especially Cretaceous. 

Perna (Hj;. 84;. — Sometiraea markedly inequivalve. General 
res<*mblance to Inoceramus. Soiin* Limes elongated posteriorly, 
but oflon approximately quadrilateral, with rounded ventral 
lx>rd<T. The umbo, w'hich is acute, is set at the anterior end of the 
straight hinge-line. Concentrically marked. Numerous trans- 
verse ligameiital pita. Toothless. Material of shell foliaceous, 

Trias to HeceiU. 

Oervillia. — Ineijnivalve ; resembling a mucli elongated Avicula. 
Ifinge-iino striiight, with a very small anterior and a larger pos- 
terior eiar. Uml>o terminal, like a mere anterior rounding of the 
hinge-line. Concentrically marked. Oblique ridge-like teeth, 
running jwsteriorly in sub-genus Hoernesia one cardinal tooth 
in each valve. Oartilage-pits conspicuous, broad, and set at 
some distance from one another. 

'/Worf tu Kocene. Typiwilly a Mtsozoic genus. 


Pinna. — Shell thin, elongated' each valve triangular inform; 
gaping Whind, so that the whole shell is wedge-slia{»ed. Hinge- 
line long and straight; umbos terminal. Marked with fine 
concentric lines. No teeth. 

The inner shell-layer is thin, and is composed of ■ ara- 
gonite ; the prismatic (cal cite) layer is thus ^rticularly pro- 
minent. in the allieil genus IMniiigena or Tricmtes (of v/ura:j^tc 
and Lower Creiacfous age) the prismatic fragments are found an 
inch or more in thickness. 

Dmmian to Htceni. Especially Cretaceous. 

MytlloB. — The common marine mussel. Shell rather thin; 
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elongateii and approaohin^j triangularj pointed in feont, rounded 
U'lnnd. Siuooili, or cvnciuitncaliy (rairly nnlially) marked. 
Hin:;;e-line stn^ii'ht, uml>os U'rmiual. Sometimes ouo or two 
obscure caniinal teeth. 

The niCKlcrn nuissels live near the shonsllne, becoming un- 
covered at low water, and are atUoluxI, often to one another, 
by a coarse byssus. The inner slitdl layer is aragonite, 

Tr'uix to Rfcmt. 

Modiola (tig. Sfi). — Bears s<une resemblance to ^^ytilus, but in 
form approaches an elongated rectangle ; tlie pogterior end is 
more rounded than tlie anterior, and 
a broad fobl often runs obliquely from 
tin* umlko to the Imse of the poxU’rior 
margin. UioImis m*t quite t rininal ; 
hence this region of the shell luis none 
of the triangular ap|snir:uice ,so eharae- 
tt riuie of ill*' anterior end of Mytilus. 
Pig Vi . — ' /e < :i f*! t fo t '< > n ei « n t r i ca 1 ly ( rare 1 y rad i al 1 y ) nmr k ed . 

(PurtM'ck Ih-I-}, No t»'*'th. 

The modern M<wliola is burrowing in 
habit, or forms a nest around it of fragments of vitid, shells, Aic. 

Ihvonian to lifrftit. Ksprei- 
ally JuroAixe. 

Lithodomua. --Close ally of 

Hindi cylindrical, 
narrowetl beliind, not greatly 
elongaUnl. Nn teeth. 

Burr**wB iiito 'atones (as at 
the famous I'eniple of Sempis), 
corals, ic , forming crypts 
wljudi yiel«l cUibsha|Ksl casU 
(si n p. 32iA 

C(irLi)n\J<rouM to Rfuvnt. 

XtA^. — Vor I)reiii»cn», on ally of 
the above trie*, see p, 

Hlppopodium (fig. HO).— Shell 
very titick and imissivc ; form 
Romcwhatlike Modiobi. Lunula 




Fig ^.~Hipi^jH>diwn pond^roMum I»resent ( Wsely and concen 
(Lioi). trically furrowed. One thick 

oblique carrlinal tooth in each 
valve. The muscular impressions cmise the gentts to he hero 
placed with the Heteromyaria ; but S. B. WnrKlwanl reganled 
Jtippopoflium as “ a {^mderous form of (Jypricardia or CartUta,” 
Zio*. 
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P. Monokyarian Asiphonatk forms (Integbipali.iatb), 

The shell is closed in the adult by one adductor muscle, which 
leaves a nearly central impresBion, placed rather towards the 
posterior side. It is always the anterior muscle that has dis- 
appeared, Except where specially mentioned, the inemLe*^ of 
this sub-group are toothless in the adult condition. Shell often 
inequivalve. «nd commonly attached by one or other valve. 
Jfence, when loosened, the lower valve may reveal an outer 
scar of very various form, sometimes representing, as an 
»‘xt<Tnal mould, another shell on which the young animal had 
become tixed. Occasionally in the Ostreidae the young shell lies 
on some surface with prominent markings, such as that of 
'I'l-igonia or Cidaris, and both valves become folded to suit the 
curves of the support. As growth proceeds, the nacreous layer 
is constantly being added to within, while the shell is also 
spreading at the margins ; thus tlie original portions bearing the 
impress of the support become separated by new material, and 
form strangely marked umbos to the shell. The impressions are 
thus convex on the upper v.alve, concave on the lower; while 
within no trace of them is to be seen. 

Ostreft (fig. 87 ). — Attached by left valve. Shell rather inequi- 
valve, composed of foliaceous layers ; often thick, especially 
m-ar the umbos. Form rather flat, lower valve more convex. 
liTogularly rounded at ventral margin, more acute at doi^ul, the 
umbos being nearly central on the hinge-line. Umbo of left 



Kip. 87. — trpania (PortUndian). Fig. ^^.—AUctryonia 

Sliowicg thickeneil character of the shell Jrons (Cretaceous), 

and the single muscular impression. 


(lower) valve more prominent than that of right. Concentrically 
iimrkod, with sometimes broad irregular radial foldings. A well- 
marked triangular cartilage-pit occurs below the umbo. Sliell 
composed of calcitc {Sorhy). 

Trias to Recent Doubtfully Carhonifsrous, 

Alectryonia (fig. 88).~— A genus out off from Ostrea to include 
forma with bold angular riba ami furrows in both valves, the 
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manjins l^ecoming consequently acutely folded, and the space 
occupietl by tlie animal being much restricted in volume, 

Triai to AVrc/U; especially Crtta<xo%u. 

GryphCL — Free, or attached only by umbo of left valve. Shell 
inequivalve, thick, oyster-like. Nearly equilateral, ^ft valve 
strongly convex, with umbo l>cat over and iiiwardt ; right valve 
smaller, flatter, or even concave, and sometimes reduced to the 
ap[iearauce of an operculum. The form of the shell varies consider- 
ably, being, like Ostrea, sonutimes expanded and approacliing 
circular, sometimes much narrowed. Concentrically marked. 

Luu to ; especially Jurassic to Aoreer 6Ve/a«ot«. 

Exogyra (fig. 69). — Much like tlrypba.'a, but both umboe 
twisted Uck wards alm^t spirally. Fixed by left valve, which 
is the la^er. 

Jurassic to Crtlnctmis, 



Fig. 89.— stnuo/a (T.. Cirtacrtiu*). Showing twisting of 
the umbot. 

Lima. — Free, or attached only by 
bysaoi. Shell thin, equivalve ; obliquely 
oval, slightly convex, gaping at an^rior 
bordm*. Umboa somewhat acute, ap 
pKMching a central position, and separ' 

Med from one another by a space in 
which a groove oc( urs for the ligament, pj w>.~ Ilmg« of Lima, 
which is fiartly external, partly internal jthowing cartilage-pit. 
(fig. 90). Short straight hinge-line, with 
a sinali ear on each side of ttmlxui. 

The following have been divided off as sob-genera 
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Eadala. — StroDg swuoth radial ribs, with some concentric 
markings. Small byssal cleft under antcTior ears. 

PlagiostomCL — Smooth) or with very sliglit radial markings. 

CtODOStreon. — A coarse toriu witli strong irregularly moulded 
radial ribs, and a distinct anterior opening for the byssus. 

Lima U an important genus, ranging from Carhoniferoiis to 
Rtunt, 

PecteD (lig Dl). — Free, or attached only by byssus. Shell 
aiuiost equil^teral, sliglitly inecjuivalvc, tho right valve being 



Kig. 91,— /’fcifa (CA/amyi) M/andi- Fig. 92.Wanmj qwnq\u:cosiaia 
ruj (FoBt-riioceDe), Right valve, (CenomaDian). 

show lag the byasal notcli, 

the more convex ; form almost semicircular ventrally, the border 
becoming straig liter towards the pointed umbos. Distinct cars 
on each side of umbos, the anterior being often the larger. 
Anterior ear of right valve sumetimes deeply notched back for 
the exit of the byssus, as in the important sub-genua Chlamys. 
Kadiniiy ribbed, soinctiines very delicately ; but commonly on a 
bold but regular scale. A triangular cartilage-pit appears inter- 
nally under each umbo. 

The external shell-layer exhibits tho prismatic structure with 
marked distinctness. Both layers are caicite {Sorbtj). 

An abundant and im^iortant genus, Dtiomau to Recent. 
Janini (lig. 92/.— luequivalve, the lelt valve flat or concave. 
Both valves with well marked ears, and ornamented with strong 
radial ribs. 

Inner sheil-layiT often lost {Zxttel) and prolMibly aragonite. 
Cretauim to Rtceniy [larticularly tho former. 

Aviculopectan. — Ally of Pecten, but more inequilateral. 
Anterior car smalt, posterior largt'r and broader. Uadially 
■triated. Cartilage, in several grooves, wluch arc fairly parallel 
to the hinge line. 

/)#vonuin to Permian. 
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Tlk' lU'xt two I'euira, although iiiuuomvuiian, posaeas hinge- 
tet*th. 

Plicatola (tig. 93).“-AtUche<l hy Unibo of right valvr. Furia 
much like Ostrea. Umbos mthcr acut«, but not promiuenU 
(.'oncentrically murkwi, and some- 
radially foldod. Two diver- 
gent oarxliual tet'tli in each valve, 
with a cartilage-pit between them. 

IViiU to 7?ec<r«t I-lspecially 
Juriissic and Lotorr CrtUiceoiu^. 

Spondylus. — Attached by right 
valve, not merely by the uiuIki, 

Form fairly regular, rounded 
vontfally, more acute dorsally, 
and alma^t equilateral. Umlios 
iie[Mrated somewhat, with a siiiaii 
ear on either side. Right (lower) 
valve with a triangular s|^c(; 
between the umb«j and binge line, 
in which is a central groove which partly rcccivcJi the cartilage. 
lUdially ribV>eti ; right valve soraetimea with lung Kpinea. Two 
curved cardinal teeth in each valve, with the cartilage-pit In twceii 

til (MU. 

The inner shell- layer is formed of aragonite, and ia therefore 
easily d- stroved and seldom found. 

Jurtu/ic to JiectTii, Abundant at the preiscut day. 



F i i;, W. — /Vieo/Wa ( Mm). 

Showing Iho teeth and carti- 
lags- pit. 


CHAl^EK XXV. 

V 08 8 II. riKNKKlC TYI*lt8, 

VIU, Sc&pbopoda. 

Tint aidinals of this division are Marine, and arc Hometimea 
regard'-d a.H the lowf-nt of the gaHtro|KKi.H. The shell is tubular, 
and liM of;en beim mistaken for the calcareous case of a worm. 

DeDUlitUEL — Shell of varying size ; tubular, slightly curved, 
and tapeting fnim the wider anterior to the narrower poatoriur 
end. Jt thus resembles an elephant’s tusk in form, but ia open 
at both end8. Surface sometimes gmooth, sometimes longi- 
tudinally striated. 

Ordociriian to R«unt. Especially Cainoioic* 
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IX. Gastropoda. 


These iucludo the typical univalves. The shell is spirally 
coiled, except in such simple type.s 


(t 



Fifi. - GastrojMKl {Fusha). 
«, A^xjx. (i.r, Anterior 
1, Inner Lip. o, 
OtHcr I..ip. (tp, ripirc. 
«ti, Suture. 


jcs tlie Limpet, and the terms used in 
describing it are as follows ; — 

Spire . — Tlie coiled portion of the 
shell above the terminal and youngest 
whorl, 

Whxyrl .- — A single revolution of the 
ipiral coU of the shell. 

SuUire . — The line of junction of 
successive wliorls, as seen on the 
surface of the shell; commonly marked 
by a groove. 

The hollow sometimes 
left in the centre of the shell when 
the whorls do not touch one anotlier 
internally. This separation some- 
times occurs only in the last whorl. 

Columella , — The solid axis com- 
monly formed where the whorls come 
in contact in the central line of tlm 
spire. This columella is often set 
with one or more ridges, winding 
spirally up it 

The point from which the 
spire commenced its growth. In the 
old age of some gastropods partitions 
are formed within the shell below tlie 
apex, and the earliest part of tlic 
spire finally breaks away. The shell 
beconu'g thus imperfect, and is said 
to be dtcollakd. 


The apex forms the jyosUrior end of the shell, the mouth the 


ankruYT. 

The terminal oi>ening, sometimes very broad, some- 
times even slit-like. It is mtire when in no way notched or 


prolonged into canals, 

Camds.— Tubular folds of the shell at the mouth, often open 
along their under side. An onicrior canal may occur, running 
out in front, and a postertor^ directed up the outside of tlm spire, 
IJolottomcUoui tliilU have the mouth entire (fig. 10 1); SiplwrKh 
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p<»s^e.ss uii anU*rior caiiaj. The aniinal-H of the 
lattor (iivision aro, at tlio prosejit liay, almost ail carnivoroua. 

/nn^r Lip , — The margin of the mouth nearest U> the a\ia of 
the spire> 

OuUr /yt;j.^Th« margin of tho month away from the axis of 
the spin'. This nmrgin is sometimes thin, soiuetiuies thickened, 
aomctiiues prolongtxi into spines, tho latter being in reality 
tubular foUhs resembling the canals. 

Varicfs — Ridges or spinose lutnds running from the apex at 
inU'rvals down the shell, and representing those stages in tho 
growth of the spire when spines or thickenings of the oub r liji 
twk place (tig. 9>i). 

( >;jercMV«w. — A homy or calcareous plate borne by the p*>nterior 
jiart of the foot of the aitimal in some genera, and serving to 
close the mouth of the shell when the anininl retracts itself. 

The sptre is typically st) coiled that, when the apex is plaatl 
above, and the mouth Ixdow and fat'ing the obat^rver, the mouth 
lies to tto' right of tlo' axis. Such shells are ri^jht-handed. 
hamUd $hlU, however, occur at times, in which the spire is 
coi!e<l in the opjiosiu^ direction. 

The representation of ga.><tr'ipod shells in drawings with either 
the apex or the mouth upwartls must 1»« a matter of indilferenci*, 
the best nomenclature of the extremities of the shell btdng, an 
already 8tau?«l, “anterior” and “ |K)steriur,*’ not “lower” and 
“ upp*^r" 

Several terms have been used to di;scribe the form of tho shell 
as a whole. The following may require explanatiim : — 

TurbmaU , — Shell rather hrofl<lly conical as regards the spire, 
and approaching heiniapherical lielow (6g 103). 

rurre^rtf.— Shell with an elongated spire, and not much pru- 
longr*<l anteriorly (fig. 100). 

SpindU-$hap«d . — Shell with the anterior end also produced 
and narrowed, so that tho stoutest region lies l>etwoen two tapi r 
ing jjortion.s (fig. 94). 

The sheil-suVistanco in most gastro|HKlK consisU of thro*' layers, 
as can w'on with a lens when the shell of moilern exnmfdes 
has been cut across. In life, it is covered in very many genera 
by a skin, or “ perioatracum,'’ The ahetl is formed of calcareouB 
prisms as in the lamellibranchs, these prisms being grouped to 
form lameilc which are arranged in the central layer (JifTercntly 
from those of the outer and inner layers. Bee Zi tte), PalMmiolo^f 
Bd. ii, p« 158; Camhridgt iVoA IIuL^ AfoUusa, p. 255. 

The tnateri^ is aragonite, and hence gastropods are often 
represented in fossil deposits only by casta Some few species 
(ibr tba character is not even generic) have an outer layer com* 



QAITTROPODA. 


ii-kO 

poHod of c/l]ciU^ Mr. F. F. Kt;nda)l regards the shell of Scalaria 
iis calcito ; and lie remarks that the tirst two whorls in those 
species of Fusus wliich possess a calcite layer consist entirely of 
aragonite.* 

The gastroiKxla mostly inhabit the sea. The freah-watur 
genera will be specially indicated. The division of the Pul- 
inonata oontains several genera that live entirely on land. 

With the* cx(M?ption of the Pulmonata, all the gastropod 
genera, the shells of which are here discussed, belong bo the 
order Prosobranchiata, or, in default of complete evidence, are 
plac^nl in that order on account of the resemblance of their hard 
|«irU to those of living forms. Tlie division of the members of 
this order into Holoatomata and Siplionostornata, according to 
the character of the mouths of their shells, has proved unsatis- 
factory^ since it separaU-s forms otherwise closely allied. Tlie 
geiieni are here taken practically in the order adopted by Fischer, 
a group of allied shells being occasionally marked out by 
inclusion between two black lines. 

A. PROSOBKANCHIATA. 

The animal has ihs branchiie placed anteriorly to the Iioart. 

Conus.— Spire short; last whorl large and narrowing anU‘riorly, 
HO tliat the shell, with its apex upwards, resembles a short cone 
Wit on a steep inverted one. Mouth slit-like and long, with a 
blight anU‘rior fohl. Outer Up sharp, and notched back near the 
suture. Columella smooth. Surface commonly smooth, witli 
mere growth-lines. S. P. Woodward quotes Conut vwnitis 
willi a specific gravity of 2*910 (hence aragonite), and the fossil 
Conut of the Miocene as 2*713. Some species may, 

therefore, contain a thick calcite layer. 

CreUuxout to UtmU. Abundant at the present day. 

Pleurotoma (Hg. 95).— Thia"geuu» has been greatly subdivided. 
Shell Hpimlle-slmped ; spire rather longer than the last whorl, 
and generally well indented at the .suture. Mouth long, with 
anlerior canal. Out<‘r lip with a marked notch near the suture, 
which loaves a baud on the shell as it closes over during growth. 
If the Up in a fossil form is broken away, the growth-lines may 
aiill Indi^tc its backward curve. Columella smooth or with 
one or two ridges. Surface commonly ribbed vertically or 
horiionlally, often with little spirally arranged knots, 

• “ Aia^tiuiu Shall! in the Coralline Crug.” Gtol. iloy., 1883, p 4119. 



316 


GASTROPODA. 


Cretttctijxts to Ih^caU. 

VoluU (tig. DO). — This namo also covors many Bub-gouora. 
Slu'll thick. Shape somewhat like Conns, but more niHloae and 
irregular. Spire I’aiily short; hist wliorl large. Mouth long, 




Fie. 

PU HrtfU'ma ( I'oftt- 

PlkA.’tJie). iti^ 

the notchetl outer lip. 


Fig, W. 

Voixtt(\ a//kt ?fl (ItirtoU 
Slu»wi]jg kiioti aiul viiriee.-t; 
al.so on the cohitiR-lIu, 


with slight init« ri<ir fold. Outer lip tiiirly thick. Culiniiella 
and inner lip with several ridges. Surface often marked with 
prominent sliort spinose outgrowths, and Hoinetimcs with corre- 
sponding varices. 

Cppcr Cretaccau4 to Htcent. Especially Eocrjie. 

Foans (tig. 94). — Shell thick. Spindle-shaped to ovoid, typically 
the former. Spire fairly long. Mouth oval, with long straight 
anterior canal, and no posterior notcii. Columella smooth. Smm; 
late Cainozoic species have an outer calcite layer {Kaviatl). The 
genus has been much subdivided.* 

The sub-genus Clavella has its mouth sharjily narrowed to 
form the canal, not tapering down as in Fuaus proper. 

Jurassic to Recent. Most abundant in earlier Cainozoic. Clavella 
is Cainozoic, especially A’occnc. 

Baccinuxn (the Whelk; fig. 97). — Shell fairly ovoid, with few 
whorls, the last being large. Spire, however, prominent. Mouth 
oval, with a broad shallow anterior fobl representing the canal. 
Inner lip smooth. Sur&ce generally marked witli vertical and 
spiral ridges. 

Pliocene to Recent. 

Haaaa.— Like Euccinuro, hut canal-fold more marked and 
•lightly oblique. Outer lip marked with fine ribs running inwards. 

U)yp«T Cretaceom to Recent. Especially later Cainozoic. 

•Fora revision of many species, see Grahau, SmitJuKmian CdUctiom, 
No. 1417 (1904), 
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Morex.— Sliell thick, ovoid to bpiiidlc-shaped ; whorls strongly 
convex. Mouth rounded, but prolonged into a well-marked and 
BO me times long anterior canal, the sides of which fold over so as to 
make it almost tubular. Outer lip thick, and sometimes ribbed. 
Surface set with three or more strong varices, which are often re- 
markably knotty or spinose. Outer layer of shell calcite {Kendall). 

Upi)eT Crctareom to Recent. 



Fig. yi.—Ihtcrinum undainm 
(Pliocene). 


Fig. 98.— /'icu/a Teticidalo, 
(Pliocene). 


Trophon. — Ally of Murex. Spindle-shaj>ed. Canal wider and 
bent on one side. Varices not set with knots. 
pliocene to Hecei\t. 

Parpura.^hell thick, ovoid. Spire rather short. Mouth 
oval, with a carnal -fold scarcely more marked than that of 
Buccinum. Inner lip ftattened down and smooth. Outer layer 
of sliell calcite {Sorby). 

thick mid ovoid. Spire short; last whorl 
large and strongly convex. Mouth elongated oval, with a well- 
marked broad and obliquely bent canal. Outer lip exi>andcd; 
inner lip often ridged. Surface variously marked. 

U. CreUicecns to Recent -j a 

Ficula (Pyrula in part; Jig. OSl-Shell thin, ovoid, narrowed 
anteriorly. Spire very short, fast whorl very large. Mouth 

large, and piolongcd into a broad open anterior _ 

fA)wcr Cretaceona to Canioiow; especially later Cainocon, but 

not abundant. 


RoateUaria.-Si.indlo-8lwpe<i; spire lo.ig, commouly without 
much indentation at the suture. Mouth long, with a somewimt 
tubular elongated anterior canal, and a postermr groove li^ko 
canal running towards the apex of the spire. Outer lip rather 
broadly expanded and sonmtunea notched on edge. 
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In the sul>genus Hippochrenes (tig. 99) the shell is generally 
amooth. The posterior prolongation of the mouth runs up 
to the aj>ex of the spire, and the outer lip is not serrated, except 
by the occurrence of a small anterior notch. In the sub-goiius 
Biinfllla the surface is striated. The posterior groove is shorter, 
and the outer lip is thickened and sometimes serrated. 

Creiaceotts to Jiecent, Compare next two genera. 

Alaria. — General outline spimlle-shaped ; spire fairly long. 
Mouth elongated, with well-marked anterior, but uu posterior 
canal. Outer lip much expanded, and prolonged into fingor-Iike 
canals. Surface often set with varices and knobs. 

This genus is variously limited by ditferent authors, and some 
of its species are often carried over into Aporrhais. 

Junwic to CreUnxouj/, 

Aponhais (Chenopas). — Uistingui.'shed from Alarm by tlio 
prolongation of tlie mouth posteriorly as a groovc-liko caual 




ampia (Ixt]i<lon Clay). 


Pig. lOO.—C'enVAmm ;>/»c(Uu»N(lcfl 
baud figure) and C'«ritAium 
(IlaiuHlcad bods), billow- 
ing tho short oblique anterior 
canal. 


part way up the spire. Tlic anterior canal is shorter than is 
common in Alaria, and there is a shallow fold in the outer lip 
near it From KosUdlaria it is distinguished by the prominent 
hngertike processes of the outer lip. 



OASTROPODA. 


349 


Cerithlnm (fi^. 100). — A very typical turreted shell, the spire 
l)eing elongated and conical, and tho last whorl being in no way 
disproportionate in bulk. Mouth oval, obliquely sloped towards 
a well-marked and short anterior canal, which is somewhat bent 
aside and backwards. The mouth is often narrowed posteriorly 
KO as to terminate in an acute angle. Surface often set with knots. 

Trias to Hecerd. Especially Cainozoic. 

Potamides. — Close ally of Oerithium, with straighter canal, 
which is cobmonly not so well marked. Brackish and fresh- 
water. Difficult to mark off from Cerithium except iu its actual 
habitat. In life, Oerithium has no periostracum, while Potomides 
has a thick one. 

Eocene to Recent. 

Melania, — Much like Cerithium, but holostomatoue. Form at 
times nearly ovoid. Apex sometimes worn away during life 
(decollated)." Fresh-water. 

Weal den to Recent. 

Melanopsis. — Ovoid rather than turreted, with short spire. 
Mouth with anterior notch or small canal, and a more or less 
marked groove-like jmsterior prolongation. Inner lip thickened. 
AjK^x sometimes decollated. Fresh-water. 

Creiaceons to Recent. 


Turritella (fig, 101).— Shell os typically turreted as Cerithium. 

Spire long, often only slightly indented at 
the suture ; at other times with convex 
whorls. Holostomatous ; mouth oval to 
round, but sometimes narrowed anteriorly. 
Outer lip thin. Surface marked with 
spiral ribs or strije, there being a striking 
absence of the knots and vertical ribs so 
common in Cerithium and Melania. 

Jurassic to Recent, but conspicuously 
Co.\1lOtoic. 

Psendomelania (Chenmitzia in part). — 
'rurreted ; commonly large. Little in- 
dented at the suture, and hence fairly 
conical. Mouth oval, without canal ; 
wider in front and narrowed behind. Sur- 
face commonly marked by fine growth-lines. 
Trias to Miocene, 

Bourgnetia.— Shell large, turreted, and 
PjS’ eloncated. Whorla distinctly convex; 

Mouth round in front and narrowed behind. 
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0 |wrcw!a l)einfj absent, may possibly be referred to Torino ; but 
the Hirterenee of outer form is characterlslie. 

The living species are mostly shallow-water forms. 

Gollatuiian to 

Phasianella. — Ally of Trochus. Shell like a rather elongated 
Paludina; often fairly large. Mouth oval ; outer lip thin. Sur- 
face smooth. 

Crttactcttt to HfceiU, Earlier forms have now been referretl to 
Bourguetia, 

EuomphalQS. — Shell fairly large. Almost discoidal, the spire 
l^eing very low. Mouth more or less polygonal, with a slight 
notch not far from the suture. Umbilicus extremely wide. 
The earlier i>art of the shell is sometimes seen in sections to he 
cut of)' by partitions. 

GoUandian to C«*6<m(/efou«. 


Pleurotomaria. — Shell like Trochus, but sometimes wdth a low 
spire. .Moutli fairly round; outer li]> with a deop slit in it, 
which runs back along the whorl, As growth proceeds, this 
slit is cIoimmI over, and leaves a band-like mark or a ridge 
running spirally round the shell al>out the middle of the wlmrl. 
Umbilicus sometimes present. Surface of shell generally band- 
Bomoly ornamented with spiral ribs and knol».s; imt no tr.ice of 
these apj tears in casts, which are crmimon in some formations and 
which are not identifiable with certainty. 

damlrriaH to //ecent Abumlant in earlier }f^*ozoic ; very 
rare at present day. 

Marcmaonhu— Shell turreted ; slit in outer lip, as in Pleuro- 
tomaria, and similarly closed by a baml as the sheil grows. 
Surface smooth, or with longitudinal ridges. 

6'timirian to T’riw; especially Devonian and Carhoni/erou*. 

BeliejPOphon,— Formerly often classed as a Ucteropotl. Shell 
ihajied like a rather open Nautilus, the spin^tl character typical 
of the gastropods being wanting. Mouth widely expanded and 
fairly circular, the shell coiling over inwards symmetrically in 
the centre of its inner lip. Outer lip deeply notched, a c»>rr6- 
sponding i^and running round the exterior of the shell. 

The shells are often distorted and compressed in the older 
formations, and the expanded character of tlie mouth becomes 
partly lost Distinguish carefully from Oephalopods, 

UomArtan to Dermian. 

Gftlemi {Calyptmt in part).— Shell rather like that of the 
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Limpet (Patella), being fiatly conical ; but generally with a trace 
of spiral winding at the apex. Below^ a spirally bent plate, 
which is free anteriorly and is attached along its posterior margin, 
crosses what would otherwise be a wide unbroken mouth. The 
under side of the apex is thus partly partitioned off. In Calyp* 
tr«a proper this plate is represented by a spoon-shaped or bent 
process dependent from below the apex. 

(Jalerus is Upper CreUnceoue to RecerU. 


Patella.— The Limpet Shell like a flattish cone; mouth oval ; 
a|>ex of shell nearly central above it Surface usually radially 
ribbed. 

Crektcwtu to Recent. 

Shells allied to Patella occur in the oldest Cambrian strata ; in 
ihe absence of the animal, it is difficult to refer shells of this type to 
existing genera. 


B. PULKONATA. 


The animal breathes by a lung-sac in place of branchim. The 
group is almost entirely fresh water or terrestrial, DelaBeclu- 
{Oeol. Observer, 2nd. ed., p. 123) gives the specific gravity of 
land-shells as 2‘ti2 to Meigen showed them to consist <5f 

aragonite. 

Helix (tiie common Snail ; lig. 103). — Shell variously shaped, 
but commonly rather flatly conical; at times approaching dis- 



Pig. 103.— /fefix oeriNM 
jOligocene). 



Pig. 104 . — Planorhis euomphalu^ 
(Oligocene). 


eoidal. Mouth obliquely semicircular or oval; outer lip some- 
times slightly expanded and thickened ; inner lip represented, 
as in Turbo, partly by the surface of the whorl, ^raetimes, 
however, a calcareous thickening occurs in the position of the 
inner lip (fig. 103), Bather broad umbilicus. Surface commonly 
smooth, witli more growth-lines. Terrestrial. 
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Eocene to Recent, Species very numerous at the present 
time. The fact that the animal lived on laud may account for 
its apparent absence in earlier periods, Bub'OOrial deposits being 
rarely preserved. 

Buiimus.— Elongated ovoid, or turreted, oft<'n o*' large sire. 
Mouth oval, not oblique, and rather long from anterior to posterior 
end. Thickciieil and continuous lips, ^hicli aro Bomotimea ex* 
paiulcd. No umbilicus. Surface co.nmonly smootli, or only 
slightly ornainentt'ii. TerrestriaL See note on Hel'x, 

Vpyer CnUxccoxis to Recent. 


Limiuea* — Shell I^rticuhrly thin and fragile, Elongatetl oval, 
with large final whorl. Mouth large, rounded anbTiorly, tdongated 
from front to buck. Li| thill and sharp. Columella twUteil 
obliquely. Surface smooth. Fresh-water. 

Purheck to Recent h^pecially Cninozoic. 

Planorbis (tig. 104). —Shell delicate, as in Limna'a; variejus in 
form, but typically dis*'oidal, the spin‘ Udiig very short, and tlie 
coils almost in one plane, as in Euomphalus. .NIouth semioinnilur 
t4j oval. Outer lip sharp ; inner lip n'pn'seuted by the surface 
of the whorl. Umbilicus very broatl. .Surface comm only smooth, 
with merv- growth-lim s. Fresh-water. 

Jurauie to Receitd, tispeciaily 6'«tr»ow«s. 


X Pteropoda* 

hile the Rrnall and commonly conical calcareous shells of 
sevfnil <jf the Thecfjsoinat.'i, or shell-bearing Fteropods, are found 
m f'ainoz^dc dejkosits, some l;irge Pala^ojoic genera o'xur, whicli 
ditier widely from the modern type. Their reference to the 
Purroj^xla must still be considered provi.sional, since, in the face 
of >^ucn strange forms as Calceola among the Corals and the 
Hipfuiritidje among the LamellibranchH, these conical and some- 
times onercuUte shells may belong to groups, the f>ther memliers 
of which differ from them in external asfiect. Mr. 0, F. Matthew 
has, it may be noU;d, referred Hyolithes to the worms {Trane. 
R. Soc. CanadOy vol. vil, 1901, sect. 4, p. 101). 

Hyolithea (Theca).— Hhell small or large, even reaching 20 cm. 
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ia length. Triangular in cross-section ; straight, tapering, form- 
ing a long steep pyramid Aperture at the wider end of the 
shell, its border lying obliquely to the axis. An operculum 
has been observed tilting into it. Commonly marked with 
oblique strife. These shells are often crushed dat in early 
PalsMzoic shales, but the long pyramidal form remains recognisable. 

L. Cambrian to Permian, Almost all are early Palaeozoic. 

CoDalaria.^-^haped like a straight steep-sided pyramid, as in 
Theca, and similarly variable in size. Some species are slightly 
curved at the posterior end. Four-sided, giving square, or 
approximately square, cross - sections. Each side bears a 
shallow longitudinal furrow, Ooramonly marked with oblique 
Septa have been observed, dividing off the lower part 
of the cavity. See Miss J. L. Slater, “British Conulari®,” 
Pal So€, 1907. 

Cambrian to Lias, Almost all are early Palceozoic. 

Tentaculites. — Often described as the tube of an annelid. 
Bather small, steeply conical ; circular ia cross-section. Surface 
marked with ring-like ridges, which lie in planes perpendicular 
to the axis of the shell. The forms with longitudinal striae have 
a small ellipsoidal expansion at the initial end (Novak, Beitr. 
Pal Oe'iterreich-Ungarm^ Bd. ii., 1882, p, 50). 

Oniovician to Deivnian. 

XI. Cephalopoda, 

The shell-bearing forms of these highly developed molluscs 
were in former agos far more numerous than at the present day ; 
and the species are often suihciently constant and widely spread 
to servo in marking special pal mon to logical zones. At the 
present tijne we have a prevalence of one great dibranchiate order 
(which includes the ordinary cuttle-fish, Argonauta, (kc.), while 
the tetrabranchiatc type (Nautilus) is decadent. 

We must leave for zoologists the many interesting questions 
that have been raised in the lut fe^ years, and content ourselves 
with placing the common fossil remains discussed under the 
broad headings Nautiloidea, Ammonoidea, and Phr^mophora, 
without question as to the dibranchiate or tetitibranchiate 
character of tlio aninials that gave rise to them. 

The shells are sometimes straight, sometimes coiled over at 
ono or both ends, sometimes closely and spirally coiled through- 
out; but, with very few exceptions, the coiling, when it occurs, 
takes place in one plane, so that the distinction between these 
shells and the ordinary gastropod univalves is marked. The 
regular {)artition8 (septa), by which the cCphalopod shell ia 
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diviiled internally, form another very distinctive character. The 
remains of cephaloi>ods may occasionally be very bulky, and are 
certainly among the most familiar fossils. 

Terms used in descri)>ing the hard parts : — 

ML— The shell is coiled, but the later coils or whorls 
ovrrlap and conceal the earlier, only the last, in many cases, 
being left externally visible (fig. 109). 

Umhilitaltd MU . — The lakr coils touch but do ^not conoeid 
the earlier, a more or less wide depression, the um^icus, occu^ 
ring thus on each side of the shell (tig. 108). 

J'h'viuie MU . — Tlie coils do not touch one another, an open 
spiral being produced [t.g., Crioceras). 

Outer tide. — The convex side of the whorl in coiled forms, 
often called ren/ro/, the latter being a term Unsafe to use in the 
abst^uce of evidence as to the animal itself. 

Ked . — A rib sometimes found running along the outer side of 
the whorl. 

Inner tide . — The concave side of the whorl in coiled forms, 
often called dortal, 

Poeterior end. — The initial end. 

Anterior tnd. — The end where the aperture occurs from which 
the animal protruded. 

Siphunde . — The siphonal tube, which contained the siphon of 
the animal, traversing and connecting the successive chamlrers of 
the shell. Its walls are often calciht^, and it can be well seen in 
sections of the shell, or ememng on the surface of one of the septa. 

Sepia. — The partitions which are successively formed as the 
animal grows, cutting off the earlier f»art of the shell. They am 
typically concave towards the aperture of the shell, but are often 
greatly folded, particularly towards the edges (fig. lU). See 
Suturedine below. 

SepAtd iVrei.— The cup-like or funnel-like fold of the aeptnm 
where the siphuncle passes through it. Sometimes the apex of 
this fold is direc ted anteriorly, sometimes interiorly. Shells in 
which it is anterior are Prosiphonaie; those in which it is posterior 
are Peirotiphonate. (See also Eastman, trans. of Zittel, 1900, 
p. 642.) 

The line along which the teptum meets the wal 
of the sh«41. Thk is sometimes very sinuous, and may be well 
seen on worn specimens (fig. 108). 

LM-^A wd of the suture-line directed posteriorly (fig. 107). 

SaddU . — A fold of the suture-line directed anteriorly (fig. 107). 

Jftitrteptal Chambers . — The interspaces between the septa^ 

Btdf-Mimber . — The final cavity which was occupied by the 
animljyt the time of its decease. 
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Mouth. — The terminal aperture of the shell. This is sometimes 
constricted (tig. 106) sometimes fully open, sometimes surrounded 
or flanked by remarkable expansions of the shell. The distance 
from the outer to the inner border of the 
mouth is termed its heigfU. 

AptychiLs . — A calcareous body like an 
operculum (fig. 105), formed of two plates, 
which resemble in outline the valves of 
a lamellibrauch. These plates are often 
found detached; but during the life of the 
cephalopod they were brought together 
along their straight edges and occupied a 
position near the mouth of tlie shell, pro- 
bably closing it as an operculum. In 
some cases the two plates are permanently 
united {SyrMptychus). It has been sug- 
gested that those forms in which an aptychus is unknown may 
have possessed tlie structure in a homy condition. 

Anapiychus . — A body resembling the aptychus, but formed of 
one [date only; found as thin dark lustrous impressions; pro- 
bably a homy form of the operculum. 

The shell-substance in cephalopoda is aragonite, according to 
both Kuchs and Sorby. Mr. K U Schwarz [Ged. Mag.^ 1894, 
p. 457) shows that fragments of Nautilus have a specific gravity 
of 2'68, whence lie infers that the materia) is calciie. But a 
considerable amount of organic matter is set free when such 
fragments are dissolved in acid, and is perhaps responsible for 
the low figures obtained on examining modern Nautili, The 
Ammonites, in their present condition, consist of cal cite, as also 
do their aptychi and the guards of Belemnites. The view that 
the original' material of Ammonites was aragonite is supported 
by the fact that whole beds of aptychi are known from which 
tlie Ammonites have been dissolved away. An aptychus is 
sometimes found lying aurrotindei^ by a mere impression of the 
spiral shell. In any case, it is probable that some structural 
difference accounts for this difference in resisting power. 

Tlie ready destruction of the shell causes casts of cephalopoda 
to be very common. The body-chamber, and many or all of the 
intemeptal chambers, may become infilled with crystalline calcite; 
the body-chamber is, however, often filled up with mud. When 
the shell decays, the casts thus formed of the successive chambers 
generally cohere, and the form of the shell is retained. But 
sometimes the sutures have become represented only by curving 
interspaces, and the cast is divided up by them into detachable 



Fig, 105.— Aptychus of 
an Ammomte. Solen- 
hofen Stone (Upper 
Jurassic), Bavaria. 
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blocks. The extamo foIJiug of the sutures in the Awmonitee 
mav cause theso se{tarHU) casts of the cliainl^era to rcniaiu 
interlocked with one another and yet to iMxssoaa a certain amount 
of frecilom» so that they can be moved about on one another 
when taken in the fingers. 

Cephaiopod shells are comjKJsed of two layers, the outer ono 
more opaque, the inner lamellar, thicker, and nacreous. Tho 
Septa appear to consist only of tho nacreous layer. 

All the cephalopoda arc Marine. 


A. Kautiloidka. 

By analogy with the living Pearly Nautilus, tho animals of the 
genera here placed are believed to have l>cen tetrahranchiato, 
it., to have possessed four branchiae. The shell is not (as iu 
some dibranchiates) included in the l>ody of tho animal. It is 
straight, curved, or coiled, with a mouth of various form. The 
scptEi are, in typical examples, very simply curved, concave 
towards the anterior side of the shell, and forming suture-lines 
with, at most, very simple lobes. The shell, with the exception of 
the rare genera Bathmoceras and Nothocoras, h retrosiphonatfl ; 
ami the siphuncle stands away from tho lK>unding wall of tho 
shell, piercing the septa sometimes in their centre. 

Tho surface of tho shoU i.s only plainly ornamented, if at all. 

Nautiina. — Shell coiled in ono plane, involute, but sometimes 
with a small umbilicus. Mouth not contracted, commonly 
rather high. Body-chamber large. Suture-lines forming a 
simple curve, or only slightly lobed. Siphuncle almost central. 
Surface smooth; very rarely with grooves or ridges. (Example: — 
Xmlilui pompiliu*') 

Trio* to HtcKrU, Nautilus is the only tetra branchiate genus 
living at the present day. 

The gsoeric aamc " N-wtiliis” is sow restricted at above. The 
older forms are widely ambilicaled, and have often a perforation at the 
cmtre. Bamndeoceras {Ordovician and Ootlmdtan) and 'H^hoittlls 
[(Miovician) are especially interesting early repreMnUtives. 

DlsciWs.— Shell laterally compressed, with broad ihallow 
umbilicus, all the whorls ^ing exposed. Small perforation at 
centre. Whorls four-tided iu cross-section, sometimes witii a 
^oove on outer side. Suture-line forming a very simple curve. 
Surface with mere transverse growth-lines or delicate longitudinal 
ribs. (Example mUabUit), 

Carooti)/eroiUi. 
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LitniUs. — Ally of Nautilus, but commencing with a small 
umhilicated (or even evolute) coil, and then continuing as a 
straight form, often of considerable length. Month often con- 
stricted, with a deep notch on the outer side. Siphuncle nearer 
inner side. 

Ordovician and GoUandian, 

Orthoceras. — Shell straight like a long cone; commonly 
circular in c^oss-section. Mouth not contracted. Body-chamber 
long. Septa siiijply curved, concave forwards. Suture-lines 
unlobed, or at most with very feeble foldings. Siphuncle central, 
(jr nearer to the margin ; simple in character, but sometimes ex- 
panded laterally in each chamber. Surface of shell smooth, or 
simply ribbed. 

Cambrian to Trioi. Most abundant in GoUandian. 

Actinoceras. — Shell at times very large ; often referred to 
Orthoceras. Like Orthoceras ; but the siphuncle (endosiphon) 
is included in another much larger tube, which is expanded 
between the septa, forming a series of oblate spheroids, and at 
times as wide as half the shell. Delicate canals radiate from 
the siphuncle to the outer tube, and open into the interseptal 
chambers, The outer tube is frequently contracted internally 
by the development of obstructions of calcareous and organic 
material, deposited on its inner wall ; these eventually form an 
annular thickening, which greatly reduces the tube. These 
iidditions Bometimes become dissolved 
away after the central tube has been 
inhlled with mud; hence the primary 
wider hollow becomes restored, but 
a solid rod-like c^ist runs down its 
centre, 

Cambrian to Carbrniijcrotis. 

Gomphoceras (tig. 100). — Pear- 
shaped, the shell having a straight or 
nearly straight axis ; it commence# as 
a wide cone, and finally closes over 
towards the mouth. Mouth much con- 
stricted, forming merely a T-shaped 
slit, the upright line of which is re- 

as ventral, tho cross-piece being .ao„,pho^er<» d. 

(loi-sal. Septa and sutures simply con- liptieum (Silurian), show- 
cave. Siphuncle os in Orthocenvs, ing the constriction of 
varying in position in dilferent forms. the luouth. 

Surface smooth, or only finely striated. 

O’e^/anditiN, Pc» Imps On/otnVmn ; the fusiform later types are 
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probably Poteriooeraa. (Foord, VataloguA of Fo^sU C«phalopodoif 

pL i. p. 215.) 

PotOTOCeras,— Shell smooth, slightly cvtrved, inflated in middle 
portion, and then again contracted. Mouth elliptical, not con- 
tracted. Siphunclo nearer to convex side, and indated between 
the septa. Septa oblique to axis of shell. 

On/oncwn to Cafftoni/erous. 

Cyrtocem.— Shell like a curved and rather rapidly expanding 
Orthoceras. Gross-section generally oval. Mouth uncoustricted. 
Septa and suture-lines simply concave. Siphunclo us in OrtUo- 
ceras, but almost always near the convex aide. Surface smooth 
in ordinary species, or only lightly striated. 

Cambrian to Permian, Especially trof/afufian. 

Phragmoceras.— Many of the species placed under this genus 
have been transferred to Goraphoceras, Poterioceras, Ac. Phrag- 
moceras proper is distinguished from Gomphoceraa by the curved 
shell, which at times even shows a trace of evolute coiling ; and 
from Cyrtoceras by the constricted and T-shaped mouth. 

Ordotician and Goilandiaru 


B. Amxokoidea. 

The inemljers of this group have often been closely connectotl 
with tiie Nautiloidea under the title of Tetrabranchiata. How- 
ever, from the globular, and not conical, form of tlie initial 
chamber of the Ammonites (which resembles the drst stage of the 
chambered body in Itelemnites, .Spimla, Ac.) some zoolc^isU 
place them as dihranchiates. The group attains its fullest 
development in the Mesozoic era, where it terminates. 

Exceptions to the typical mode of coiling of the shell are 
probably rarer among the Ammonoidea than among the Nauti- 
loidea. Straight or e volute turreted forms come in m(Mt 
numerously in the later Mesozoic deposits. The margin about 
the mouth differs from that of the Nautiloidea in very often 
ts^aring a broad or spine-Uke prolongation on the convex side, 
arid sometimes ear-tike processes on its lab^ral margins No 
such remarkable constriction of the mouth occurs, however, as 
in Gompboceras and its allies, the expanded processes in the 
Ammoiutes pointing fairly forwards. The liody-chAmber U on 
the whole larger than in the Nautiloidea; but it must l>e borne 
in mind that this final portion and the month of the shell, being 
unsupported by septa, are comparatively rarely preserved. 

The suture-lines are typically more complex than in the 
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Nautiloidea, and the amount of folding increases from the first 
septum to tlie later ones. Oonaiderable attention has been paid 
to the form of the sutured ines, and their common course is as 
follows (fig. 107): — A lobe, the External lobe (or “ventral lobe”), 
occurs on the convex side of the shell, and is sometimes divided 
into two by a small saddle (fig. 113). On either side of this lobe 
comes a saddle (the External saddhy^ tlien a lobe (the Jirst lalefal 
lobe)\ then the fimi lateral saddle^ the 
second lateral lobe, the 8ec(y}vd lateral 
saddle^ and perhaps still further lobes and 
saddles, which are styled auxiliary. On 
the concave side of the whorl, where the 
two halves of the suture-line again meet, 
tliere occurs an unpaired Internal lobe. 

The last auxiliaiy s^dle, occurring just 
above this lobe, is sometimes called the 
Internal saddle. 

The siphuncle of the ammonoids, with 
the exception of the one genus Clymenia, 
runs along the convex side of tlie shell. 

The group of tlie Ammonites is prosi- 
phonatc.* 

The surface of the sliell is often, and 
pirlicularly in the later types, highly 
ornamented wich rihs and knots, which 
are independent of the suture-lines (figs. 

113 and 114), the latter being visible only 
upon worn spe^cimens and casts. At 
times, as in Gault specimens from many 
localities, the inner and thicker nacreous 
layer is alone preserved, and the whole 
surface of the shell has a brilliant pearly 
iridescence. 

Finally, the bodies known as aptychi 
(fig. 105) or anaptychi are found associated 
with so large a number of ammonoid genera that they form 
a further point of difference between this group and the 
Nautiloidea. 

* Forma of Ammonite occur in which the earlier whorls are retro- 
si phonale ; in one or two septa following on these the septal neck ^jecta 
on l)Oth sides ; and fit^ally the shell liccomes purely prosiphonale. nut the 
broad classification of the Ammoiioidoa by the direction of the septal neck 
in adult forms seems well founded, since the older genera arc so persistently 
retroiiphonate, while those of Mesozoic times are proeiphonate. 



Fig. 107.— Suture-lmcof 
an Ammonite (Harpo- 
c€ra»]. The mouth lies 
totheright. ei, Exter* 
nal lobe, bisected by 
a median saddle on 
the keel e.s, External 
saddle. l.U, let lateral 
lobe. i. ^8, Ist lateral 
saddle. S. 2nd 
lateral lobe. 3. Is, 2nd 
lateral saddle, a, a, 
Auxiliary lobes and 
saddles. U, unseen 
Internal lobe. 
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1— RETKosiPUONATii Shells with siphunclk on 

THE CONCAVE SIDE. 

Cljmeiua (fig. 108).— Shell spiral, broadly umbilicated ; croas- 
section of whorl oval, fiattene^l laterally. Mouth notehe<l on 
either side. Sature-lines usually with only one lateral lobe, 
which is simply curved or angular. Siplmncle in contact with 
the concave side of the whorl Retrosiphonate. Surface smooth ; 
rarely ribbed. 

Exclusively Devoniaiu 


2 — Retrosiphonate Shells with siphunclk on 
THE convex side. — This sub-group includes all the shells known 
as GoniaUtea. 

The shells are very variously coiled, being at limes involute, 
at times widely umbilicated. Cross-section of whorl may Ije 
flattened laterally, or broad (fig. 109), or fairly oval. The whole 
ibell is thus sometimes disooidal, or sometimes almost globular 



Kig. 108.— Hyewnia undulaia Fig. 109.— <?iypAioffrcw mutnlnit (Car» 
( Dcvodlid). Showing iuture boniferou*]. Showing auturc lines. 
line« wh^re the ihell has been 
worn sway, with i ningU 
angnUr 1 oI:m. 

• 

through the strong convexity and the involute arrangement of 
its whorls. The suture-lines arc occasionally sliglitly fold^l, but 
are commonly Eignag or l)ent rathor sharply, the lol>es and 
saddles being sometimes nunicrruis. The lohe.s and saddles are, 
however, not sublivid^l by notched or foliaceous Ixjundaries, as 
occurs in the next subgroup (hg. 112). The siphunclo is in 
contact with the convex side of the whorl, and is bc.st seen 
where it emerges through any septum which may he displayed 
terminally on the specimen, lietrosiphonatc. Aptychi have 
been recorded. 
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Gijpbloceras (fig. 109). — Shell involute, generally globose. 
Suture-line with external lobe divided by a small median 
saddle; external saddle narrow; lateral lobe pointed; lateral 
saddle broad and rounded. Surface practically smooth. (Ex- 
amples : — Glyfhxoceras crenistria, Gl. sphcericum, Gl. truncatum.) 

Carboniferous and Permian, 

Gastrioceras.— Shell with wide umbilicus. Suture-line with 
broad and deep external lobe, with small median saddle; first 
lateral lobe deep and angular; second lateral lobe small and 
angular. Surface with longitudinal strise ; often with transverse 
ribs in addition, which are nodose near inner ends, (Example : — 
Gastrioceras Listeri.) 

Carboniferous and Permian, 

Proleoaoltes. — Shell with wide umbilicus; whorls flattened 
laterally. Suture-line with several deep lobes and saddles, 
the lob« broadly pointed at the ends, the saddles rounded at 
the ends and narrowed near their bases. Surface smooth. 
(Example : — Prolecanites compressus.) 

Devonian and Carboniferous. 

BaCtrlteS (Ordoncian to C'ir))oni/erous) is the straight form of 
the fioniatites. PPODOPltes {Permo Carb^i/troti-i), with its accessory 
serrations at the ends of the lobes, and MedllCOttia (also Permo-Curbon- 
i/erom), with its still more elaborate suture-lines link the Goniatites 
completely to the sub-group of the Ammonites. 

Sub-Group 3— PaosiPHONATE Shells with siphunclb on the 
cu.svE.^ SIDE. — These are the successors of the Goniatites, and 
are distinguisbed, apart from the character of their septal necks, 
by a greater complexity in the suture-lines, the main lobes and 
saddles being variously subdivided and broken up (fig. 112). 
The mouth-border is produced, not notched, on the outer side. 
The surface of the shell is also more strongly ornamented than 
in the preceding sub-groups, and is, indeed, very rarely smooth. 

This Bub-group covers the grdkt series of shells which are 
commonly styled Ammonites, the earliest forms of which are 
now known from the Coal-Measures of Texas.* It has become 
necessary to subdivide the old genus of “cornua Aiumonis,” 
and to establish a large number of new ones, each example 
of which may be properly styled au “Ammonite." Fischer’s 
restriction of “ Ainuionitea ” to the members of the newer genua 
Arietites seems liable to cause confusion, and would destroy 

•J. I’. 8mitli on the “ SujMjr family ” Arcestid;e, ia Monogr.'vpb ilii. 
(1903), (J.S. Gtoi, Survey. 
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the utility of the wonl “ Ammnnite,” wliich now, aa formerly, 
covers a great series ut shells allied to otn' another. 

New subdivisions are being, however, continually introduced, 
and for details larger and special works must be cousulted. 

Ceratites.— Shell umbilicated; cross section of wliorUomewhat 
Battened laterallv. Snture-lines sometimes with auxiliary lobes 


and saddles. The saddles ai 
preaching semicircular; but 
posterior border being xigxag' 


d. 



1 tU. — Sutareltnc of 
< Vro/iteii t.l, 

Kxtern&J lob« (which 
IS broad wb«n viewed 
from above), e.4, Kx- 
tersal saddle. 7. U, 
1st lateral lobe. 


e always rounded, the curve ap* 
the lobes are sulKiivided, their 
(tig. 110), Surface naarkod with 



Fig. HI.— Natoral cast of 
Ar'tAfM liiZfkhi (Trims), 
showing traces of succcsii ve 
constrictions. Fart of the 
shell remains on the left, 
and the snturcline ran )k> 
traced on the ri'i,;ht'hand 
portion of the cast, f After 
Slojsiaovici.) 


ribs, which do not pass on to the outer border, but whicli often 
bear knobs ns they approach it. 

Exclusively TrioMtic. 

Trachycenw.— Shell with rather narrow umbilicus. Sutures 
like Ceratites in the earliesf species ; but iti later forms both 
the saddles and the lobes are rJenticulated bent into a 
zigiag form). Surface ribbed transversely, the ribs set with 
knots ; a furrow runs along the convex margin. (Example : — 
Trachyceroi don.) 

TViai. 

Arceftes (fig- 111). — Shell involute, sometimes with small 

* A vary rimilar type of lotare recnni amos^^ Crataoaous Ammonitas 
referred to the family of the Amaltfaeida. 
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umbilicus; whorls markedly convex. Mouth slightly reduced 
by the folding over of its outer and lateral borders. Body- 
chamber occupying more than a whole whorL Sutures with 
numerous auxiliary lobes and saddles, the line being complex 
and foliaceous, so that the markings look like the outlines of 
little branching trees. The axis of each lobe and saddle is, 
however, straight. Surface smooth, or with fine transverse 
striationa. 

The mouth-border appears to have become thickened internally 
at various stages of growth, so that casts (fig. Ill) exhibit well 
marked and rather wavy grooves running at wide intervals from 
the outer to the inner side of the whorL (Example : — ArcesUa 
subumbiliccUiu.) 

Trias. Also Permo-Carbori/erotts of India, with another 
genus of Ammonite, Cyclolobus. 

Monophyllites. — Shell rather flat and discoidal, with fairly 
wide umbilicus. The whorls enlarge rather rapidly, giving 
a high mouth. Suture-lines with numerous lol^ea and saddles, 
which are foliaceous; but each saddle terminates anteriorly in a 



Fig. 112. — a, First lateral saddle of MonophyUiia Simonyi. First 
lateral saddles of two adjacent septa of Phyltoceroi hUerophyUum^ 
showing the extremely foliaceous character of the suture-lines. 

single oval leaf-like form, although its sides are subdivided into 
leaflets (fig. 112, a). Surface smooth, or with fine slightly 
curving strim. (Example ; — MonophylliUs 5if7wnyi.) 

Trias. 

Phyllooerai-^Shell rather flat; involute, or with very small 
* umbilicus Mouth high. Numerous lobes and saddles, steadily 
increasing in size outwards, the saddles being broken up into 
leaf-like foldings with rounded terminations, the lobes into 
sharper notches (fig. 112, 6). Surface smooth, or simply striated ; 
no keel. Here and there external oi' internal thickenings of the 
mouth border may be formed, producing in the former case ridges 
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on the surface, or in the latter case constrictions, evidence of 
which liocurs on easts of the interior, as in Arcestt‘8 (tig. 111). 
(Example : — Phyllocttras het«r<}phyU\im.) 
lia* to V. Grtiactcut. 


Amaltheas. — Partly involute. Form rather discoidal, and 
sometimes ftattish. Mouth high, iU hosier l>cing produced into 
a long proc<^ on the ouUt side. Pody-chamlK^r occupying only 
two tJiinls of the last whorl. Suture-lines m ark i*<Uy folded ; 
several auxiliary lobes and saddles present Surface smooth or 
>'ariously ribbed ; a distinct median ridge or keel rims along the 
convex side, and is often knotty, or obliquely grooved, so os to 
resemble a piece of rope, (Example : — Aimiltheus mar^an'tatus.) 

Tri(u and Jurtusic. 

Oxynoticeras.— Form much like Amaltheus. Two or more 
auxiliary lobc.s are present on each side, but the Iol)ea and 
saddles are broad, and the whole suture-line is less strongly 
foliaceous than in Araaitheu.s. Surface smooth, or marked with 
rallier delicate curving ril^s, (Example :^Oxjfiu>iicerai oiynoiut.) 

Lias to Lotcer Crttac^ou*. 

SohicEDbacbU.— Form like a thick Amaltheus, with a .smooth 
keel, Suture-lines with only one auxiliary lobe, i.e., three lobes 
in all on each side ; lobes and .saddles consequently broad. The 
loljes are fairly simple, and at times even approach the f’emtites 
tvpe (tig. 110). Surface with strong curve<l ribs; keel often 
prolong^ into a bom. (Example : — Schl<znbach\a \7ijiata.) 

Vretacea^a. 


£goceraa (fig. 113).— Shell with wide or narrow umbilicus; 
cross section of whorl fairly circular. F^Kly chamber occupying 
rather less than one whorl. Suture lines foliaceous, with few 
auxiliary lobes; lob< s at.d saddles rapidly diminishing in size. 
Internal lobe bifurcating at* end. Surface with fairly straight 
simple ribs, which cross the outer aide of the whorls, there 
being no keel. In some exceptional cases, thest; riba bifurcate 
near the outer side of the whorl (compare Hchlotbeimia). ACgo- 
cerM and its allies are thus among the most simply marked 
ammonites. An anaptychua ocxosionally occurs in this genua 
(Example : — JStjocfi'Oi /Vnntcosia.) 

Liaa, 

SchlotfaeimU.— Sometimes regarded as a aub^genui of its close 
illy, /Vlgoceros. Like ACgoceras, but surface with strong riU, 
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winch often bifurcate, and which are directed anteriorly when 
they reach the. outer side of the whorl, so as to form on the 
convex border a SfTies of V-shaped ridges. The ribs from 
opposite sides, however, die away just before they actually meet, 
so that tlic apex of the fold is wanting, (Example : — Scldoik^mia 
aiigxdata.) 

Aoirer lAoi, 

PsiioceraB. — Also closely allied to ,fflgoceras, and sometimes 
Included in that genus. Resembles .^oceras, but surface some* 
times smooth, sometimes with simple ribs that do not traverse 



Fig. 1 Kl. -./’'/fvo-.f} (‘'tprii'ornn!^ (Middle Lias), with 

|>ortioii3 showing fiiiiuie iijie enlarged. i«./, External lohe. willk small 
iiu'dian saddlo .and trace of siphiinclc, viewerl from a!>ove. e.s. Fix* 
tenia! satMlc. I.Lk, 1st lateral sjuMIo, which is distinctly smaller. 

the outer side of the wliori, A .sligitt keel occasionaii}’ occurs. 
(Example : — Psiloceroi plaimhis,) 

Rhcdic and Lowtr Liat. 

ArictiteB. — Form much like .^goceras, but with no approach 
to an involute character. Suture-lines much folded, with only 
one auxiliary lobe. Surface with plain or (rarely) somewhat 
notloae ribs, which are sometimes ^nt sharply forward above. 
Plain median keel, on eitlier side of which is a furrow. Fischer 
employs the name Ammonites, given by Lamarck, exclusively 
for this genua, (Example ; — ArietiUs Buckla7idL) 

/A)uxr Lias. 

Harpoceras.-- Shell rather discoidal; umbilicus sometimes 
wide, sometimes narrow. Jlouth-border f^urnished with a spinose 
prolongation of the keel, and with lateral ears. Body-chamber 
occupying about two-thirds of the last whorl. Suture-lines with 
auxiliary lobes, but not particularly foliaceous (6g. 107). In- 
ternal lobe not bifurcating at the end (compare .^oceraa). Bur* 
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face marked with striationa or ribs, which at first curve forward 
on leaving the inner side of the whorl, and then backward, finally 
again bending forward at the outer side of the whorl. The 
markings are thus sickle-shaped ; but this chuucter is much 
more emphatic in some species than in others. A smooth keel 
is present, occasionally with a shallow furrow on each side. 

An aptychus forme<l of two plates has been found. (Example i 
^tiarpocertu ssrpenitnuin.) 

JurmtHc, commencing in Middle lAa*. 



This next and imporUnt series of forms, including the family 
of the Stepbanoceratidsa, is characterised by the absence of a 
keel 

Stephanoceias (fig. n4).^Fonu thick, with fairly wide um- 
bilicus; cross-section of whorl broad and rounded, not liigh, 
Mouth eared in fairly young forms, and 
sometimes contracted by folding over of 
the lateral processes. Suture-lines with 
few lobes and saddles, but markedly 
foliaceous. Internal lobe not divided at 
iU apex. Surface with fairly straight 
rit>s, which bifurcate or split still further 
as they near the outer side of the whorl, 
over which they run continuously (fig. 
114). Nodose ornamentation occurs 
semetimes where the ribs divide. An 
aptychus of two plates is known. (Ex- 
ample : — SUphanocerM htimphrietianumJ) 
Juroidc. 

Holcostephaous.^Olose ally of Sto- 
piianoceras. Kibe united in groups oh 
inner side of whorl, and running continu- 
ously over convex side. Mouth some- 
time constricted, as in Perisphinctes. 
(Example: — fhkotlephanut atiimiantie,) 
(I. Juraaiie and Cretaceoue. 
OcftlocenM.— Widelyumbilicate<i; cross- 
section of whorl typically narrower than 
in Btephanoceras. Mouth not eared. 
Internal lobe of suture-line divide<l into 
two at its apex. Surface marked as in 
Btephanoceras; but plain ribs are often 
intercalated between the others. Compare Perisphinctes. (Ex- 
ample : — Ccdoceras commune.) 

MiddU and (Ipp^ Line. 


Pig. Mi^—St^anocerrt* 
modiolwt (U. J unuMic). 
Viewed from the front, 
showing the hroad sec- 
tion of the whorl, the 
shell hsving ijeen bro- 
ken swsy until s 
septum, With its fold^ 
surface, hss become 
visible. The trace of 
the stphoncle is seen 
exlemsDy ; sod this 
exsmple slmiUoslrsUw 
the hick of connexion 
between the suture- 
lines and the surface- 
omamentatioiL 


ORPHALOPODA. 


369 


Cosmoceras. — tTmbilicated ; cross section rather oval, the 
Hiouth being typically higher than in Stephanocerae, and 
^irnished with long lateral ears. Surface - markings as in 
Steplwnoceras, hut ribs rather moi*e curved and nodose ; a row 
of spines or knobs is formed on each side of the outer median 
line of the whorl, the median area itself being smooth. (Ex- 
ample : — Co9mocmi8 Jason.) 

Middle Jurassic to Neocomian. 

ParkiDSOnia.^Form rather flat; umbilicus wide. Mouth high 
rather than broad, with lateral ears. Surface with fairly 
straight ribs, which mostly bifurcate near the outer margin of 
the whorl, but which are broken by a median external furrow. 
(Example : — ParJcinsonia Parhinsoni.) 

Middle Jurassic. 

Perisphinctes. — Form like Farklnsonia. Mouth eared in 
young forms. Suture-lines with a deep foliaceous lobe following 
on the second lateral lobe, which is small Surfece-markiugs 
much like Parkinsonia, but ribs sometimes dividing into three 
or four branches, and no median furrow. The formation of a 
slightly constricted area behind the mouth-border at various 
periods of the animal's growth leaves here and there its traces 
upon the outer surface of the shell in the form of a smooth 
depressed ring running round the whorl. (Example :—Pert- 
sphinctes Tiatiani.) 

Jurassic to Neocomian. 

HopliteB. — Form somewhat discoidal, with narrow umbilicus, 
and at times approaching involute. Mouth high. Suture-lines 
delicately notched, and with several auxiliary lobes. Surface- 
marking.s much like Stephaiioceras, but the ribs are more wavy, 
and nc^ose processes are 
common on them, near 
either the umbilicus or the 
margin. Moreover, there 
is in many species a well- 
marked median furrow 
down the outer side of the 
whorl. The lateral com- 
pression of the shell also 
distinguishes it from Ste- 
phaDocera.s, which is stout. 

( Exaniple;-//o;>/tf«s /au/us.) 

TiOionian and Cretaceous, 

Aconthoceras (iig. 115). — Umbilicated; whorls strongly convex, 
cross-section broad and commonly well rounded. Suture lines 

24 



(Cenomanian). 
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with broad and not markedly foliaceouB IoWr and saddles, 
Surfiioo with straight ribs^ not bifurcating, which RoinetimOs 
cross the onter side of the whorl, but which sometimes are 
interrupted by a shallow furrow. These well marked ribs nro 
generally set with numerous knobs, (Kxamplo : — Aamlfiocena 
rolhomag«H9e . ) 

Gntactmti, Mostly diWnn and 


Lytoceru. — Widely umbilicated ; whorls distinctly convex. 
Suture-lines delicattdy foliaeeous, the lobes and saddles divided 
into symmetrical halves hy an anterior or ]K)stcrior fold of the 
line respectively (compare fig. IIG). Often no auxiliary lobes 
and saddles. Surface of shell t'inply marked with fine ribs, 
and almost smooth. Costs are sometimes ringwl round with 
constrictions which iiuiicate occasional thickenings of the mouth- 
border (see fig. III). (Example ; — Lytoceras jnmxie,) 

JAas to Crefactout, 


Finally there remains a nnml^r of Ammnnoidea distinguished 
by abnormalities of form. In the 
classification generolly adopted, the 
genera Hauiites, Turrilites, and Bacu- 
litea are placed near Lytoceras, on 
account of the syniiuetrical sub- 
division of some one or more of 
their lobes and saddles (fig. 116). 

Similarly, Orioceraa, Ancyloccras, 
and Bcaphites are allied to Acan* 
thoceras. 

BacQllU8(fig. 1 16),— Shell ntraight, 
narrowing to a point posteriorly, 
and laterally compressed. Aptyebua 
known. 

Cretaceous. 

Hu&ites.—K volute. Shell straight for part of iU length, but 
curved over in a bookdike manner at one or b< th ends, so as to 
bend back parallel U> its former direction. Hamites is sometimes 
restricted Uj forms which have bent thus twice or three times 
during their growth, while those only once l>etit are styled 
f^amnftna Surface of most species rather simply riblied. 

CretacMUS, 



Fig, 116,— Portion of 
JUes anttpM (U, CreUce- 
oui), the siphonal aide be- 
ing upwards ; sbowing the 
bilateral aabdivisioti of the 
lobes and uddlea. The 
month lies towards the 
right. 
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CrloceraB.’— Form like an Ammonite, but evolute, Sur&ce 
variously marked ; but generally with strong simple ribs. See 
Ancyloceraa. 

Jura$m to L. Creiaoeout* 

Ancyloceras. — Form commencing like Crioceraa ; then becoming 
straight ; and finally curving back along its inner side like the 
terminal part of Hamitea Hence Ancyloceras may be a lato 
stage in the growth of Crioceraa. 

JwTdmc io'Lomr CrtiacmM. 

Scaphitefi (fig. 117 ). — Form commencing as an involute shell ; 

then running straight for a short distance; 
and finally curving back along its inner 
side. Commonly much stouter and more 
rotund than Ancyloceras. Aptychus or 
synaptychus known. 

Upper Qr^iacermt. 

Tonilites. — Form spiral, generally left- 
handed (Cfl., opposite to the mode of 
coiling of typical gastropods). The 
whorls are sometimes not in contact. 
Surface commonly marked with nodose 
fi)>s. The suture-lines of course readily distinguish this form 
from turreted gastropods; the cross-fracture of imperfect speci- 
mens has generally taken place along a septum, the cliaracteristic 
ammoiioid folding of which can at once be seen. 

CrtUitmut, 



Fig. 117. — SeaphiUs 
(tqyudiH (CeDomaniao). 


0. Phraomophoba. 

All are regarded as dibranchiate. 

Belemnites (fig- 118). — The chambered shell in this gTnns is 
reiluced to a conical body, the J^hru^ocorte (or Phragmacoiie), 
which is divided internally by simple concave septa. The 
interseptal chambers are connected by a siphuncle, which runs 
down one side of the phragmocone, this being consequently 
called the twnfjxt/ iide. The phragmocone is closely fitted 
into a hollow, styled the which occurs at the 

anterior end of a strong pencil like calcareous body, the 
Uitard or Hoitmm, This solid guard forms tlie object so 
commonly found, and is thus popularly known as the “ be- 
leninite.” 

* The Phragmocoiiti itself has also been styled the Alvaolm. 
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Tho guard is of various pro^>ortion8, sometimes delicatelj 
tapei'iitg, sometimes broad aud stout, sometimes thickening 
auteriorly for a certain distance and then decreasing in 
diameter, to expand a-^ain as the alveolus is neared. In 
cross-section, as when broken, it shows a fibrous radial struc- 
ture, and the calcite of which it is 
formed is usually stained somewhat 
brown. The apex of the conical alveolus 
is directed slightly to the " ventral ” side, 
and determines the point from which 
the calcite prisms radiate in the guard; 
hence the axis of the guard is eccentric, 
and the " dorsal” or ^Wentral” side of 
imperfect specimens can be determined 
by noting which part of the eircuDi- 
Cerenoe U respectively farthest fram or 
nearest to the point from which the 
prisms radiate. 

The guard has typically a smooth sur- 
face, on which vascular impressions, like 
those of ramifying rootieU, can occasion- 
ally be seen. A furrow sometimes runs 
down the ventral tide, or more rarely 
down the dorsal, often reaching to the 
point of the guard. At the |mint itself 
furrows sornelitnes arise, extending some 
distance up the side^; and a common 
feature is the presence of two long and 
almost parallel grooves running thus up the dorsal side. 

The alveolus is often empty; and sometimes the phrag- 
mocone is found without the guard. In fine and carefully 
cl«‘aned specimens, not only can the phn^mocone be seen 
in place, but traces of a brojd exjMtnsion of iU dorsal side 
extend considerably abov^ and beyond it. This thin anterior 
expansion is llte Pro-oMiraainif and covers Uie ink-bM, the 
solidified contents of which, forming a bl.ick pear 'Shaped 
body, have also been found in sUti. Above this, again, im- 
pressions of tlif' crown of six amu abrjut the hcatl of tlie 
animal may \ie si;o.u, the little hook»l teeth with whicli 
they were set lying in n>WK along them. Henci! the “ bc- 
lemnitc” familiar to eolhsjtorH formed only the po«te.ri‘*r 
hanl part of an animal aliifsl to our modern unprot(K:ted 
cuttle-fish. 

RKatxc to Athian, 



Fi2. US. — Gnud 

of 

cut fkjK'Ti aljove 
in show reitLoias 

<if the phiw^nio- 
cone rvxtuig ia 
the alveolus. 
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Belenmitella (fig. 119).— This form is [practically only a sub- 
genus of Belemnites, characterised by a slit at tltc anterior end of 

the guard and parallel 
to its axis. This slit 
reaches in to the 
alveolus, and marks 
the ventral side. The 
phraginocone(of which 
several specimens, 
mostly preserved in 
silica, are known), ha.s 
a low ridge running 
down the dorsal side, 
a corresponding shal- 
low groove occurring 
in tlje alveolus. The 
phragmocone, though 
rare, was described by 
Count Munster us 
early as 1830. The 
guard shows distinct 
vascular markings on 
its ventral surface. 
{Compare Actino- 
camax.) 

Vpptr Cretaceous. 
ActmocainaxtI823; 
= Atractilites, 1807). 
— No alveolus, or 
only a shallow one, which is often four-sided rather than circular 
in cross section (AcUiweamax quadratus). The common charac- 
ter of these forms is the distinctly lamellar structure of the 
anterior end of the guard, so that it easily becomes broken 
away and injured. In apparently perfect specimens, however, 
as in dc/tnocamnx (fig. 120j* ofuu styled Belevmitella 

p(«na\ the anterior end may be pyramidal, not hollowed out by 
an alveolus; in this case the phragmocone must have been 
surrounded by only a homy continuation of the guard. In the 
Species quoted, a ^ight groove occurs at the apex, which may 
correspond to the slit in ^lemnitella. 

Both in Belemnitella and Actinocamax the guard may be 
suddenly reduced in diameter near its point, thus terminating 
in a short spinose process, the “mucro.” It has often been 
Buggested that Actinocamax is only an imperfectly preserved 



Ufl.-tiuanl of 
JicicmnUdla mucro- 
HcUa ( Scuoniait ), 
Showing the slit and 
traces of vascular 
tuarkingB. 



Fig, 1120.— Guard 
Aciinocamas; pie 
{Belemnitella plena), 
Cenomanian. 
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Belem II itelU ; Imt tlie uniform rliararter of Hpecimens ut certain 
horizons is eviilenee that llie piimjL;nK)c«»m' >vhs largely above, 
ami nut inelmietl in, the true calcaix'ous guard.* 
f/f/rr VntturoHi^, 


Pbragiiiopliora AtPaotltOS) gi^ally tlougftl»l guards 
occur ill the I'ppir i ivt'f. [|1 l^lemnoteuthls »d the Or/uo/iViu, on thu 

other haud, the gmnl in a mere short alioaih alnail the phragiiiucoMu. 

B6lOS6plft of the Koerne haa a short stout bont guard, ex()andcd 
anteriorly, and protecting a curved pbragnioconc, a wide depreesioti on 
tlio evucavo side of which does duty for a si ph uncle. The pro oetraouiu 
is large. 

Id Spirulirostra {Mioctm) the guard forma a atout short process 
below a curved phragmocone, which possesses a true siphundc. It) thu 
iu<Hlen) spirilla the phragiuocone alone remains, in the toriu of a delicate 
evolulo spiral shell, with a siphundo on the concave side. This shell, 
though exposed by a cleft of the mantle, is truly internal, 

Sepia ( to flectni) lias the mffest trace of a guard at the end of a 
phragniocone, the chaiulM'rs of which are ^ttencil, and which forms the 
well known cuttle lxme. ’’ It is importAnt to note, however, that oeuha 
lopods with a mere thin horny pro ostracura (the '‘pcn")ovcr the ink nag, 
and no trace of dumljcrcd slid I i:t guani, occur as con tern pm^arim of even 
the earlier Uh iunitr^. Thus GoOt^UthlS of tlic British LUu Lie been 
in the t>amc group, the Chundrophora, u Lob go, the S(|Uh 1 of I ho 
present day. 


* As to Ik'leimiilelU and Actinocamax, sec l>r. CL Xchluter, “Cedialo- 
pKh'ii der tdiereij deulsdien K re hie,’’ vol xxiv. (UnO-Tlf 

p f>3. auil plate lii, (17), Ac. 
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CHAPTER XXVI. 

rOSSlL GENERIC TYPES. 

XII. Echinodermata. 

'I’liE EcliincKlerms present in their hard parts a great variety 
of forms, characterised, however, by the prevalence of penta^ 
goual symmetry. Tlie fact that their shells or skeletons, exter- 
nal or internal, are built up of plates, causes their remains often 
to be found only in a fra^inentary condition. The cal cite of 
whicli these parts is composed assumes a completely crystalline 
structure: so that any part of the shell or skeleton cleaves across 
on fracture along the rhombohedral surfaces so familiar in 
Iceland-spar. The opaque white but gleaEning cleavage- surfaces 
of ochinodermal fragments may thus be picked out by the eye 
on rock-exposures from among the fractured remains of otlier 
orgiiiiiains. Tlic individual plates ar block-like calcareous bodies 
of which the hard parts are composed arc styled the Oisicles. 

All the Echiiiodermata arc Marine. 

A. CUINOIDEA. 

These are the typical “ sea-lilies ” or “ encrinites.* The animal 
during tlie whole or earlier part of its existence is fixed to the 
sea bottom, commonly by a flexible stalk or Stem, which bears 
ntot-like processes at its base. The principal terms used in 
describing the hard parts of Crinoids are as follows : — 

Ossicles or plates . — The individual calcareous bodies of which 
any ol the hard structures are built up. 

Calyx , — The cup-like structure, sometimes closed over above, 
formed of calcareous plates, and enclosing the body of the 
animal Its under surface or base^ which is attached to the 
apex of the stem (or, as in Hoioj^'S, directly to the sea-fioor), 
corresponds to tlie upjier surface of most echinoderms; its upper 
or orcU surface b&n-s the mouth and generally the anal aperture. 
I'hc calyx and the arms are often spoken of together as the 
Croton of the crinoid, and the calyx Is sometimes freely termed 
the “ head.” 

Tlie upper (ventral) covering, or tegmenj ot the calyx may be 
membranous, with little plates developed in it, thus leaving a 
circular gap in fossil forms; oi it may form a domelike structure 
of numerous plates in contact. There is no doubt that in some 
genera this dome was represented by a flexible vmti'ol sac. 
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The MouVi lies oentiull/ on or below the tegmeo, and groove* 
lead to it from the bases of the arms. 

The Auu$ is typically exoentric, aud is iaterradial in {msition 
(see below) ; that is, it occurs between two of the arms. In some 
extinct genera, the dome bears one aperture, that of the anus, 
which then occurs almost centrally, and at times on tho end of a 
tube or “proboscis." In these oases the mouth is concealed 
U neath the dome, and the brachial grooves run through the wall, 
and are prolonged as little canals towards the centre^ where they 
reach tho mou^. 

Tlie plates composing the calyx are grouped in several series 
from the base upwards to the region of the mouth. The lowest 
plates, meeting in the centre of tlie base, are 2 to 5 in number 
(commonly 5), and are termed HomU, They are often hidden in 
fossil specimens by adhesion to the up{»er Btem'Jointa 
Sometimes, how ever, the base is formed of two cycles of plates, 
an upper one, the true Basals, in this case sometimes style*] 
PaTohiuali f and a lower cycle, alternating with the up[>er, and 
termed In/rah<u<d§ (see 6g. 122). 

Next above the basals or the paralatsals, and in either case 
alternating witli them when the base boa pctogonal symmetry, 
U the cycle of the Radmlt^ commonly 5 in number; vertically 
alx»ve these the arms of the crinoid rise. On each plate of this 
primary radial series one or more similar plates may stand 
(6g. 121), so that each arm may be supported on a vertical row 
of several oesictes, which are commonly entitled first, second, 
third, dux, radiaJs (see “Arms" below). In several important 
genera these radial series are in contact laterally ; but in other 
ty|)es there are plates or groups of plates intet^ated between 
them, such plates being styled IrUerradiaii, In relation to the 
calyx as a whole, however, the basals or the parabssals are 
also “ interradial " in poaitioa; the infrabasals, when present, are 
“ radial ” (see fig. 122). 

A ruU Intirradial Ofoup, — X^is group commonly contains more 
plates than the others, and, on its continuation over the otal 
surface of the calyx, bears the anus. Frequently, intcrradials 
are found in no other portion of the calyx. 

d mu. --The ^icles composing these are all styled Brachhk, 
Dr, F. H. Caqienter * regards toe members of the radial series 
* "Anatomical Komenolators of Edtioodermi,’* Atm. und ifog. o/ Nat. 
//i«a, 6th SOT., voL vi. (ItMi), ^ lb; V. A. Bstbsr, “Britiih FonU 
voL V., p. 313; and ^*Sagx«ited Tenm in Crinoid Mor* 
pludogy," UmL, vot lx., p, 51. Su also the terminol*^ in Wadunmth and 
BpriMer, " Rovirion of the Paheociinoides," Proc. Acad. Nat, Sei. PhUa* 
tUipiSx, 1376 (pub. 13^ p. 349. Also Bather, Qcd. Moq., I3tt, pL SIR. 
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»bove the Brst radial ag all l)elonging to the arms. The lower 
cycles of his brachials thus correspond to the old second and 
liigher cycles of radials ; these Br. Carpenter styles Costals (fig. 
121). Any interradials between thjse thus become styled 
l7iterbrachials. Above the c^istals the arm often bifurcates, 
further dichotomous division taking place in many genera. 
The free stems and branches of the arms are sometimes formed 
of one vertical row of ossicles iiniserial fig. 122), sometimes 
of two in intact, the ossicles alternating in the two rows 
(*’ biserial fig. 121). 

On the inner surface of the arms a groove leads down from 
their tips to the upper part of the calyx. 

Pinnules . — Small arm-like processes, also formed of calcareous 
ossicles, set in many genera on both sides of the grooves that 
run down the arms. In living crinoida these bear the reproduc- 
tive elements. 

The Stem is composed of a row of ossicles, placed vertically on 
one another, their articulating surfaces being variously ribbed 
and grooved. A central canal runs down through them all 

The Crinoidea form a considerable portion of some limestones, 
the scattered ossicles of their stems, with their circular cross- 
sections and often radial markings, having given rise to the 
name *‘entroclial marble.” The abundance of stems at some 
horizons, apart from crowns, has often been remarked on, and it 
has been suggested that certain genera (as Actinocrinus) pos- 
sessed the power of easting oflf their stems at particular stages of 
their growth. On the other hand, it has been pointed out that 
calyxes, unless at once filled with mud on the death of the 
animal, run much greater risk of destruction than the more solid 
stems, the ossicles of the calyx being scattered too widely for 
easy i^ecognition. 

While, on the whole, the more modern types of crinoids are 
marked out by the smallness of the calyx in proportion to the 
arms, by a general alienee df interradials, and also of a pro- 
minent ventral sic or dome, yet the division of the group into 
“Keocri noidea” and ‘‘Palceocri noidea” can be no longer main- 
tained. At the present time the classifications of specialists in 
this refined branch of palieontology cann'it be regarded as 
having reached even a resting stage ; consequently the genera 
here selected, while showing an interesting range of structure, 
ate not placed under any systdQi of subdivisions. 

EncrinttB (fig. 121).— Calyx rather shallow; 5 smiill infra- 
basals and 5 large parabo^ls present, the former generally 
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hidden by traoes of the stoni ; ^ radial series composed of 
three cycles, the ossicles of the two upper 
cycles bein^ now regarded by nu>8t 
authors hs belonging to the arms (first 
order of brachials, styled costals). 

From these arise simply bifurciiiing arms, 
which have pinnules, and which aro 
commonly formed of two rows of ossicles 
(an cxi'eptional feature in a Neozoic 
form). Up|H'P surface of the calyx iolidly 
ro«jfed over. J>t»un lung; iU osstcie.s are 
radially grooved on their articulating 
Burfa^'es. 

Trias. 

Pentacrinas.— ( ’alyx very small in ym- 
portion to the arms ; 5 UisaU (soiuetinus 
r» infrahasals ami o parabasals); It nuiials, 
ai) >ve each of which lie 2 osssieles (radials 
or costalsj. Tb« arms am formed of one t ig. /.Mmatij 
row of os.sicIes, and bifurcate again and lHu/ffrmis (Mtiwlicl- 
again, with long ami abundant pinnulea 

^.7 . 1 «n<l iKimliuMds In? al- 

Mem long, with numerous little joiuted m(«,thuri 2 om«lly,»na 
lateral processes; in cross-.sccli<m it is ire invisible, Alxtvo 

sometimes rounded, but commonly npiK'ara tluiic are M tn the 

like a five-rayed star, the indentations ratiiaU, I'aeli wipi^t- 
U-tween the rays being deeper shallow. aiM 

Tlie articulating surfaces of the ossicles ultimately l^me 
of the stem always bear a pattern of five hiscrial. 
oval marking which radiate symmetri- 
cally from the central canal. These 5tem-os.siclea form very 
familiar fossils. 

TWo# to Jiecenl. Common in the /Am, 


ApioCliUQS. — Calyx narrowing slightly sIkivo ; its plutes, in- 
eluding tho intemdials, are fitted into ono another to form a solid 
wall. 5 basals, altcrnsting with which are the 5 radiuls, each 
l>eariDg two large oostals (2nd and 3rd radiuls) ; the basals rest 
on a circular plate, perhaps formril by the union of five infra- 
basals, Jielow this plate the stem commences, at first equal in 
diameter to the calyx, then contracting, and then becoming very 
grachia))y wider Uiwards its rooted base. Uence above the 
narrowest part of the stem rises an egg-shaped or pear shaped 
body» the upjK T half of which is the true calyx, the lower half 
being fonueti by the highest ossicles of the stem. Stem circular 
in cross section. Tim arms arc formed of a single row of ossicles, 
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»nd bear piunuies. They bifurcate ouiy once or twice. Ventral 
sac. 

Liox to Lower Cretaceous. 

ActiOOCrinUB. — Calyx, including its dome, rather ovoid ; 3 basals, 
5 radials, with 2 costals (2nd and 3rd radials) above eacbj inter* 
radials (interbrachials) present, with more numerous plates in 
the anal group. The upper surface of the calyx is formed by a 
fairly high convex dome of plates, sometimes bearing near the 
u|»ex an utial tube* Arms repeatedly divided ; composed of two 
rows of ossicles, and arising from five protuberances at the base 
of the dome, so as to appear to emerge about midway between 
the apex and base of the ovoid “head." Stem round, the 
central canal appearing five-rayed in cross-section. 

Gotlandian to Carboniferous ; especially the latter. 

Platycrmns. — Culyx formed of 3 basals, 5 fairly tall and vertical 
radials, 5 much smaller costals, and one interradial (or, rather, 
interbracliial) in each interspace between the arms ; there may 
be, however, 3 plates in the anal series. Calyx roofed over as in 
Actinocrinus, with or without anal tube, 

Arras repeatedly bifurcating, composed at 
first of one row of ossicles, and later of two, 
Stem-ossiclesoftenelUptical in cross-section. 

Gotlandian to Carboniferous ; especially 
the latter. 

IchthyocrinUB.— Calyx formed of 3 small 
Infrabasals (sometimes not visible on ex- 
terior), 5 small parabasals, and 5 radials. 

2 to 3 cycles of costals. A small “radiaual” 
plate occurs under the right posterior 
radial. Arms numerous, uniserial, and 
forming at theirbase a seemingly solid struc- 
ture with the calyx. No pinnules known. 

Gotlandian.^ 

Cyalhociinas (fig. 122).— Calyjj cup-like; 

5 infrabasals ; 0 large parabasals, forming' 

))art of the sid inwall of the calyx ; 5 radials ; 
interradial ]dates occur only in tlie anal area. Upper surface 
with a greatly elongated and probably flexible dome. Arms 
long and repeatedly bifurcated, composed of one row of ossicles ; 
no pinnules. Stem round. 

Goilai^ian to Permian ; especially the former. 

Hetdrocrinus. — Calyx small, somewhat cylindrical. 5 minute 
infrabasals, at times seemingly absent ; 5 parabasals ; 5 radials^ 

• Springer calls the Carboniteiwis forms with no rodianal Metiohthyo- 
oriniu (/owfti. vol. xiv,, 1906, p, 4^9). 



Kig. 122 — Cyatho- 
crium (Gotlandian). 
Showing infrabasals, 
parabasals, and 
radials. Uiiiscrial 
arms. 
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with 2 LX>Bt«ls above eAoh. One or move of the radiais is foriued 
of two platen, united by a horizontal suture. InterradiaU in the 
anal groujsand prolonged upwaixls as a ridge. Ventral sac known. 
Anus long, uuiserial, with strong pinnules Stem pentagonal, 
Onkmciaiu 


B. Blastoidsa. 

In these forms, entirely Pslieoxoic and extinct, the calyx 
frequently resembles a closed flower*bud, having no free arms, 
an ovoid contour, and only a short ateiii, Kunning from the 
summit of the calyx down its sides are five elongated areas, 
the ambuUicral (or ywcru/o aT/i&ufnmi/) area^, which remind the 
observer o:’ the welbknow.i ambulacra 1 areas on an ecliinoid. 
These are co nmonly set^n as depressions, leaf like in shape, or at 
times straight-sided. Specimens have been found in wldch the 
areas still bear pinnubs, thus resembling crinoid-arms lamed 
l^k and down over the calyx. A row of pores occurs down 
each side of the ainbulacral areas, these openings being in reality 
interspaces between little lateral plates. The pores communicate 
with iielicate canals, a bundle of which, called a kydro$p{rf^ 
runs up internally on either side of the median Unc of the area, 
and opens at the summit of the calyx. Here them are usually 
five openings (jpiroc/ai), each representing two series of canals 
from adjacent ambulacral areas, The vicuth is central, and the 
onus lies between the two posterior sptraclea An annl proboscis 
b;is Ixen seen. The calyx is mainly composed of five plates 
(arising from a basal cycle), each of which is deeply notched 
almve to receive the downward turned apex of an ambulacral 
area. These platea may therefore be regatried as rtuliaU. 

Fentreinites. — Calyx bud-abaped, narrower above; radiats 
large. Ambulacrml areas rarely reaching to the base. Short 
round stem. 

(ro^faiufian to C<ir6on(/iToi/s ;«especia1]y the latter. 

GranatOCrLstXS. — Calyx resembling Pentremiten ; but the am 
bttlacral areas extend down to the base, the radtals are small, 
and the five iipp<T plates (interradials) large. 

CarUni/eroug. The common PeniremiUi” dlipOcui Uias 
becomes teferred to Qranatocrinus. 

C. Ctstidiu. 

Id this group, the Cyitideans, there is a spherical or ovoid 
calyx, soineiiaea with ptnottlatod lateral ambulacral grooves 
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resembling the areas in the Blastoids. These groovea, however, 
are often very narrow and small ; tliey radiate from the 
which is apical. Two to thirteen short simple arms are occa* 
sionally also present ; a short stem occurs in some genera. 

A lateral aperture, and sometimes even two, may be found 
on some J^rt of the calyx. Each is covered by a pyramid, the 
v<dv\da/r pyramid, formed of little triangular plates. 

The plat,es of the calyx are numerous and irregularly arranged 
Some or all bear, in typical examples, minute pores, which are 
grouped in pairs, the members of each pair being united by a 
canal In some genera these pores occur near the margins of the 
])late8, and the pairs are made up of opposite pores on adjacent 
plates. Taking any one line of junction of two plates, the pores 
on each plate are then arrange along two sides of a triangle, 
the base of which is the line of junction ; hence they include a 
rhomboid area, half of which lies on each plate. Across these 
areas striee can be seen, which have caused authors to term thenv 
the pectinated rhombs; these markings ar^i the traces of the 
canals by which the pores are connected. The pores are usually 
closed at their outer ends by a thin layer of the plate which 
bears them. The function of this system is unknown. 

A larger number of genera can be referred to the Cystideans 
than to the Blastoids ; but all these are also Palseozoic. 

Eohinospheeiltss. — Calyx spherical, with only rudiments of 
ambulacral grooves round the mouth, which has a raised border. 
A small opening occurs near the mouth, and is sometimes 
covered by a valvular pyramid. A third aperture, covered by a 
pyramid, is also present at some little distance from the mouth. 
Fixed by the bwe only; no stem. Bases of arras have been 
louud attached to the rim around the mouth. 

All the plates form pectinated rhombs at their lines of junction. 

Orr/orician. 


D. Echinoidsa. 

This group includes the common “ sea-urchins,” the spheroidal 
shells or “tests” of which are familiar objects, though ordinarily 
found denuded of their spines. They are never attached by a 
stem, and move about freely by means of little tube-feet pro- 
truded through certain of the calcareous plates of the test. The 
relative positions of the anal and oia! apertures, and the arrange- 
ment of the organs of locomotion, form important pointa in their 
cUtsification. 
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5 r«»t-“The shell, built up of calcite plates in contact with 
one another, by which the animal is Burroumled. 

OtiU aperturt . — An opening in the base of the test, fairly 
circular, within which the true month occurred during life. 
This aperture is rtKiuced in Hring animals by a membrane or 
series of little plates, in the centre of which the mouth itself 
0|>en8. The beantiful masticatory structure known as the 
“ Lantern of Aristotle/’ though it falls away into the hollow of 
the teat after death, and is commonly lost piece-meal through the 
ajiertures, has been found on canTul chining in many fossil 
genera. 

Aurieulte, — Calcareons arches or plates rising internally from 
the border of the oral a(>ei ture. They ure five in number and 
symroetricaliy arrauged, serving for the attachment of muscles 
which thrust forward the five-toothed “Isnb’m.” They may 
frequently be seen in fussila if the detrital matter that commonly 
^fills the test is cleaned out from the mouth-aperture to a little 
depth. They together form the PeritjntUhic girdle 

Anal aprrivrt~V\\% appears as a second fairly large and 
circular 0[)etung, often diamrtriealiy opposite to that of the 
mouth. In life it wa.‘i also reduced by a membrane l)earing 
accessory plates, in which the anus itself occurred, 

Aptz oftKt — Tlie highest |>oint of the test when the flatter 
side, on which the mouth a[)erture occurs, U placcMt below and 
horizontally. 

Amhularral artoi . — Five anas, each composed of two rows of 
plates perforated by pores, which radiate from the \ipper part of 
the test When these extend over the sides, and down to the 
oral a|)erture, as simple l^nds, they are said to Iw fierfect ; when 
the plates licaring di.stinct and regularly grouped pores terminate 
on the sides of the U‘st, their representatives lower down having 
only indistinct or no {>erforations, the ambulacral area is 
flescribed as The port^ are grouped in ()aini towanls 

the outer margin of the area, each plate thus bearing two |K>rea. 
In many forms, through the intercalation of now plates above at 
the apex, the lateral ones become disarranged and finally united, 
so that compound plates arise bearing several pairs of fK>res. In 
pdaloid areas the lines formed by the pores on the suHaco of the 
test converge and completely enclose the efficient ambulacra! 
area, which thus becomes like an elongated simple leaf. In 
oilier cases the imperlect area is “ open * below, the lines of pores 
not converging, but simply dying out. It may be remembered 
that each pair of [lorijs represents one of the little “tulie feet” 
of ^ living animal. 
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InleramblUacral areas.— Between the ambulacral aeries of 
jiliitcs lie five intorsitnbulacral scries, each also typically composed 
of two rows of plates, wliich are larger and consequently less 
numerous than the ambulacral plates against which they abut on 
either side. Only in the early types of echinoids has the test 
more or less than 20 rows of plates, and in almost all these 
cases it is the interambulacral series tliat varies. 

Apical Disc , — A series of plates at the apex of the test, and 
surrounding the anal aperture when this is apical Each ambu- 
lacral area terminates here in a plate which bears a minute 
perforation, once connected with a sense-organ. Between these 
five ocular plates are five genital plateSf larger and generally 
with a larger aperture. One of these genital plates is perforated, 
however, over all its surface, in addition to the principal aper* 
ture, and forms the madreparic plate or tubercle, which admits 
water into the stone-canal of the animal. 

The genital plates are thus interambulacral, and the madro- ^ 
poric plate lies ju.st to the right of the anterior ambulacral area. 
Thus, even in forms where the mouth is central and the anus is 
not posterior, but apical, the madreporic plate will serve to 
indicate the anterior portion of the test 

In the sub-group of the “ Irregularee,’’ the posterior genital 
plate is often absent. 

Accessory plates may occur in the apical disc when the anus 
is not included in it; and sometimes the “disc” ceases to be 
di sc- like, the three anterior ambulacral areas (or trivium) meeting 
in advance of the two posterior (or bivium), the connexion being 
maintained by a group of smaller plates (fig. 123), 

The plates of the test may be ornamented with tubercles, large 
or minute. The principtil ones, which may be handsomely 
developed, as in Cidaris, bear the spines, and have sometimes in 
their apex a circular pit, which does not perfomte the test, but 
which causes them to be termed “perforate” or “imperforate.” 
The beak-like appendages called pedicellariae ” are in living 
forms found attached to the smaller granulations. 

The Spines may be small and easily broken up, but in sopie 
genera are massive and oven longer than the diameter of 
teat. Their rhombohedral calcite cle.avage makes them difficult 
to extract entire. They are commonly found detached from the 
tubercles, on which they are jointt^d and held by ligaments 
during life. A common mode of ornamentation of the spines 
consists of granulated or serrated little ridges running longi- 
tudinally down them. 

Lastly, to form any conception of the true characters of the 
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«chinoid t^st, study must be made of recent examples, wlien it 
will be seen how the great iimss of spines conceals tho features 
(ambulacral grooves, tul)ercles, Ac.) by which the palaeontologist 
is accustomed to define his geneia. A practical illustrative 
specimen may be prepared by selecting a modem Spatangus and 
nibbing off the spines lightly with the finger from one half of 
the test, leaving the other covered. Two of the petaloid ambu- 
locral areas and half of the anterior one will thus be exposed, 
and will serve to explain the appearances seen iu fossH examples.* 

Svh-group 1 — Hugularss. — I n these echinoids the five ambu- 
lacral and the five interambulacral areas are each composed of 
two rows of plates, making twenty rows in all. The ambulacra 
are perfect, and therefore never petaloid. The oral aperture is 
in the centre of the base, aticl the anal a[>erture is at the apex, 
and is thus included in tiie apical disc. 

Echinus. — Test hemispherical and thin-walled. Tubercles 
similar on both kinds of areas, and all fairly small and simple. 
Ambulacral plates formed by the union of three primary plates, 
and hence each bearing three pairs of pores, wliich are gi'oupod 
across the plate, not vertically under one another Hence tliree 
liands, each formed of a series of pairs of ]>ore3, run up 
margin of the ambulacral areas (p. 382). Spines small and 
simple in form. 

Cretaceous to RecerU. 

Cyphosoma. — Test circular in horizontal section; flattened 
above and Ijelow. Tubercles with mdial notches on the l^asc, 
hut without apical pit (“imperforate”) ; the princijial and large 
ones form two rows on each of the ten sn^as of the tost. Fn>ni 
this oause, and in width, the two kinds of area much resemble 
one another. Ambulacral plates compound; but the pairs of 
pores form a single band, except near the apex and the mouth. 
Apical disc generally lost, the upper aperture being consequently 
large, and the test, as foun^ fossil, almmt annular (compare 
Cidaris). Spines long. 

Jwissste to AVrjjy. Hut almost entirely Upper Cretaceous. 

Acrouleda— Test small ; form depressed spheroidal Inter- 
tmbolacra rather larger than the ambulacra, l^th kinds of areas 
bearing two rows of “ perforated ” tubercles with radially notched 
Ijases. Paira of ]>orei forming only one row on ea^ ambulacra! 
margin. The interambulacral tuberclei are the larger. A dis 
iinguishiog point is tho intercalation of aeveml firm plates in 

* For aa inportant revuion of tho Echinoidea, tee P. 11. Daaoan, Joum, 
him. Zoology, vol. xxiil (I8W). p. 1. 
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the central area of the apical disc, whereby the anal aperture 
becomes thrust to the posterior side. Bordei* of mouth-aperture 
notched. Spines rather thin. 

Lias to Lower Cretaceous. 

Cidaris.— Test fairly large ; form flattened spheroidal, not 
pei-ceptibly conical towards the apex. Ambulacral areas very 
narrow, forming waw curving bands, with only a single royf of 
pairs of poi'es on each margin. Commonly two small ^u^rdes 
on each ambulacral plate. luterambulacra wide, with boldly 
developed tubercles, which are commonly “ perforated, and are 
sometimes notched at the base. Apical disc commonly lost, a 
large ajierture, like that of the mouth, being left (oomjiare 
Cyphosoma). Spines thick, massive, of very various form, long 
OP short, species of Cidaris having been named from these 

peculiarities. ' n ■ - 

Permian to Recent, diminishing throughout the Camozoic 

sysTt-ms. 


Sub-Group 2 — I rr sou [.abbs.— I n this sub-group the radial 
symmetry that prevails, except in minute details of the apical 
disc, throughout the sub-group of the Regulares, gives place to a 
distinctly bilateral symmetry, the plane of symmetry passing 
through the oral and anal apertures, tlie anterior ambulacral 
area and the apex. The anus U not included in the apical disc, 
and occurs sometimes even on the basal surface. . The apical disc 
shows irregularities, the posterior genital plate being often absent. 
The oral aperture itself may be exceutric. There are, as in the 
Regulares, only 2*J rows of plates in all ; but the pore-bearing 
parts of the ambulacral series frequently form petaloid areas. 

EchinoCOnUS (OaieritdB). — Conical ; flat at l^e, which has an 
outline approaching pentagonal. Oral aperture in centre of 
base, without masticatory apparatus ; anal aperture also on the 
base, but close to the |)03teriar margin. Tubercles perforate,’' 
minute, and numerous over all ^ho test. Ambulacral areas 
perfect, narrow, the pairs of pores forming single marginal rows 
except on the base, where they become crowded so as to form 
three rows on each aide. The posterior genital plate is im- 
perforate. Spines small, rarely seen. 

Gretamus. 

Discoidea. — Hemispherical, sometimes flattish; base flat 
Apertures as in Oalerites. Tubercles ** perforate,” small Am* 
l)ulacra perfect, narrow, with only one row of pairs of pores on 
each margin. Posterior genital plate imperforate in most B[>eciesi 

25 
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The esaeritial ebnracter is the occurrence of ton low ridges radU 
Atin^ on the interior of tlic base from the oral aj>erturo to the 
lateral walls of the test, and leaving correapoading grooves on 
casts. 

CreUiiYOUS. 

Pygaster. — Depressed hemispheroidal, with flat base, which is 
roundly pentagonal in outline. Oral a|>erture central ; anal 
aj>erture large and on upper surface, belilnd the apex, being 
narrower at ita anterior and broader at its |>osterior end. 
Tubercles small, “perforate.” Ambulacral ureas much as in 
Discoidea. Posterior genital plate absent. 

Jurassic to Crftacsous ; also one Recent species. 

8€QteUB.^Thia is an example of the extremely discoidal and 
flattened echinoids prevalent in some Cainozoic deposits. Kaae 
t1 at ; upper surface only slightly convex; internal apace much 
reduced. Posterior margin straight, or with a central notch. 
As the test grows, an indentation on its edge may increase in 
importance, until at last the test re-unites mi either side of it, 
leaving it as a perforation. This remarkable feature is {taralleled 
by Pygope among the l)rachiopo<la Mouth central ; anus small, 
and on the [toscerior margin. TaWrcles minute. Ambulacra 
peuloid Posterior genital plate absent 

orf Via-. !. <, 

The next six genera, like Uaierites, were unprovided with a 
masticatory apparatus, 

EchinobliSSUS. — Form approaching hernhspherica), hut rather 
depressed; base slightly concave, with an almost straight Iwr- 
<b*r Ijetween the two pr^terior ambulacra. Tubercles small 
Ural aperture slightly in advance of the centre ; anal on the 
upper surface, just Mind the ajHJx, and lying in a groove that 
widens posteriorly. Ambulacra imperfect, with nearly paralhl 
sides, ojien below ; outer pore of each pair elongated and sliMiko. 
The fKJSterior genital plate is imj)erforate, 

yumsfic to Recent ; charactr*risticaliy Middle Mesozoic. 

Clypeoa.— Close ally of Flcbinobrissus. Tt-st large, tlattened. 
Tubules small. Apertures as in hxjhinobrissus ; but anal 
groove sometimes wanting. Ambulacral areas rather broa<l, im- 
perfect, OfK-n l>elow, btit contracting near the Outer jiore 

of each fwiir long ami slil-like. A|k;x slightly jx^iteiior^ pos- 
terior genital plate imperforate ; madrepohe plate central m the 
apical disc, while the posterior ocular plates aie extendefJ so as 
to reach the anal area 

Jurassic. 



ECHINODBRMATA. 


387 


CoUyrites (fig. 123). — Test ovoid, with rather flattened base. 

Tubercles minute. Oral aperture rather 
in front of tlie centre ; anal aperture on 
posterior lateral surface. The striking 
character lies in the extension of the apical 
disc and its accessory plates, so as to form 
an elongated band running along the line 
of symmetry ; hence the three anterior 
ambulacra (styled the “trivium”) become 
divided from the other two (the “biviura”), 
which enclose on the jx)sterior surface an 
area around the anus. Ambulacra narrow 
and perfect 

Jurassic and Lower Cretaceovs, 
Echinocorys (Ananchytes). — Test convex 
above, with rather vertical sides; oval in 
horizontal section; base flat. Tubercles 
minute. Oral aperture near the anterior 
margin; anal aperture near the posterior margin, and also within 
the base. Ambulacral areas fairly wide ; perfect Posterior 
genital plate absent. 

(Ipver Cretaceous, 

Holaster. — Form heart-shaped, t.c., oval when viewed from 
above, with a broad notch anteriorly and a sharper posterior 
termination. Upper surface convex; base flat Tubercles small. 
Oral aperture near anterior margin ; anal aperture on the pos- 
terior lateral surface. Ambulacra perfect (compare Micraster, 
which has a similar form); the anterior ambulacral area lies 
in a well-marked groove, which continues round to the mouth 
aperture. Posterior genital plate absent. 

Cretaceous. 

Micraster. —Form much like Holaster; typically heart-shaped; 
sometimes more acute, sometinjes slightly truncated, at tiie pos- 
terior end, Tubercles small. Aj^rtures as in Holaster ; the 
teat projects forward from behind the mouth-aperture so as to 
form a short covering below it. Pore-bearing areas set in 
grooves, the paired ones petaloid ; the three anterior areas are 
longer than the posterior. An anterior groove, in which the 
unpaired ambulacrum lies, runs from apex to mouth as in 
Holaster. Posterior genital plate absent. 

Upper Cretaceous to Miocene. 

.yote.— Sp&tlingUSi a Camvzoic and common living form, resembles 
Micraster, bot bas larger interambul acral tubercles on the upper surface, 
while the anterior unpaired ambulacrum is only feebly represented in iti 
groove. 



Fig. 123. — Coilyrites 
iicordala (Coralline 
Oolite). Showing 
the separation of 
the ambulaora at 
the apex. 
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Suihgtimp B — rAL.«EcniNO!DEA.* — The remains of early 
cehinoids ar*' raro.'ami tlu' variuiis genera have l)een collecteil 
In Zittel into tl\U division, to which he opposes the “ Eucchi- 
n 'idea/’ sulKlivided into Ue^ulares and Irrcgulares. Some 
Palceeohinoi is seem to have had tests with plates that moved 
slightly on one another, so tliat tl*o whole conld be deformed by 
pressure without fracture, as is the case in the exceptional living 
euecliinoids, Ast he nosoma and riiorniosoma. Moreover, thidr 
most striking cliann'torUtio is a deviation from 'the normal 
number of twenty rows of plati'S. 

Thus Palfeechinas (Goi’an-luiii uj Cori^mx/cro!*#) is a spherical 
form with dvo normal ami perfect amhulncral areas; but the 
interamhulacraU are wide, and each is formed of five to nine 
rows of plates. 

Echinocrinus (Archffiocidaris), again, of the Carhoniffrous and 
I'erinian, has fair-sized tubercles oti the interarabulacra, and wavy 
narmw ambulncca. .suggesting those of Ci darns : but there are 
fnee four to eigUt nws uf plates in each interambulaoral area, 

Melonites, also VarboniferouM, has several supernumerary rows 
of plates in l)Oth the ambulacral and the interambuiacral areas. 

Bothilocidaris \OrJocitian and 6Waadian) has normal amhu- 
lacral areas, but only one row in each interambuiacral area. 

E. A a T a n 0 I D K A. 

The members of this group arc uf less assistance to iho geo- 
logist than is the great group of the Echinoids, owing to the ease 
with which tiudr hard {larts l>ecome separated and dis^mrsetl. 
Passing over the allied Ophiuroidea, in which the long arms 
c*intain no prolongations of the viscera, wo may note that the 
arms of the Asteroidea, or true Slardi-slios, contain numerous 
skeletal ossicles, which give them at times considerable solidity. 
There are thus the little asnbulacral omi’c/m, wlddi, by meeting in 
]>iiirs HO as to form a ridge, 60 ver the ambulacra! vessel that runs 
down the under side of each arm. Beneath this ridge, and thus 
in the groove formed by it, the tul>e-feet of the Btar-6sh lio 
during life. At the lateral margins of each arm are often two 
rows of maryimil ouicUs^ ohc slove and one below, each pair in 
contact. These ossiebas are typically convex outwardly, often 
omamentefi with granules or spines, and fiat-sided where they 
abut againHt their neighliuurs, wnethcr of the same or the adjoin- 
ing row. At the liasc of the ambulacral offsides a row of adavi 
lulacral otsiclei always occurs. Accessory plates may be forim-il 
on the Ijock of the arm«, f>r U lween the tn irgi rials and tho 

•S«! Mary J. Klein, '/rndf, Ar'nl. .Sci, .SV. iumx^ vol, x\w, (1904), amt 
K. T. Jackson, ** Phvhjgenv of t)u’ K^ hini/' Sf'Pi. Ilonion .SV, SfU. //is/., 
voL vii. (1912). ■ 
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^ambulacrals. i'bc marginal oaaicleB arc not unfrequcntly 
found in fossil deposits. 

PalfiBaster. — Form like the common Star- fish (Asterias or 
Astcracantbion), with deep ainbul acral grooves. The ambulacral 
ossicles, unlike any modern form, are alternate, not o])posite, on 
the two sides of the groove. M arginal and dorsal ossicles present. 

Cambrian to Carboniferous. 

Protasterof the Gotlandian and Carbonferous is an Ophiuroid. 

Astropecten. — Form like the common Star-fish, but vdth 
strongly developed marginal ossicles. 

Lias to decent. 

Goniaster. — In this type the form closely approximates to a 
pentagonal disc, through the extreme shortness of the arms ; the 
notoh between one arm and the next is represented merely by a 
siiallow concavity, along which marginal ossicles form a firm 
border. Between these ossicles and the small ambulacral areas, 
with their adambulacral and ambulacral ossicles, are abundant 
accessory plates, tlais covering five intervening triangular areas. 
Tlie dorsal surface is also covered with accessory plates. This 
genus is consequently represented by fairly colicrcnt specimens. 

Jurassic to liecent. Fairly common in the Cretaceous. 


£111. Annelida. 

Tlie division of tlie Annelida is largely represented by the 
borings of marine genera in sands, which have become converted 
into cylindrical casts by the deposition of material during 
subsequent rising of the tide. Sometimes tlie infilling, as in the 
very early examples in the quartzites above the Torridon Sand- 
stone, is conspicuous by consisting of a sand either more or less 
ferruginous than that into widely the animal bored. If this 
infilling becomes consolidated more firmly than its surroundings, 
the cross-sections of the casts may stand out on weathered 
surfaces of the rock as little circular discs.* 

The specimens of such borings from Sutherland and Koss-shirc, 
as above described, and from the quartzite of the Wrekin ridge, 
may claim to be among the very oldest fossil remains. 

The* tube-building worms naturally leave abundant traces. 

• For figures and doscriptiaiiB of such objects see Sir J. W, Daw^wm, 
^uort, Joum. Otol. jSw., 1890, p. 595, 
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Thus Serpula has a calcareous tube, irregularly csorrugated 
on tlie surface, and very variously curved ; the tube commonly 
np|>eara as if creeping forward in the fashion of a moving worm. 
It is usually tix^ to other bodies, being thus often seen, for 
example, on the tests of Chalk echinoids. Common from the 
Jum^c to the present day. 

Ditnpa forms an unattached simply mirved tube, o|>en at Iwth 
ends, which closely resembles the sc8pho{KKl Dentalium. From 
this it may sometimes l)e distinguish^ by irrt'gularity of curva- 
ture, and by boinij ornament^ only on the tide that was 
upjjcnuost during life {Zittel), 

Crttaefous to /I’eccnt 


CIIAITEK XXVII. 

rOSSlL OBKERIC TYI'ES. 

XIV. Arthropoda. 

KnoJi a stratij'iaphicil point of view, the ArthrojKKla become less 
iiiij>orUnt in Cainozoic de[K)HiU than they are in the Paluozoic, 
and hence the earlier types of Crusta< ea or Arachno-Cni-stAt^ea,* 
which are often grou|Kal together in the heterogeneous division 
of the Entornostmea, must claim our chief attention. Their 
common character is a varbble number of body-segmenti 
(6bm</«5), coupled with a simple iy])e of organisation. 


A. OjSTHlOODA. 

These little crustaceans have never more than 7 pain of limbs, 
and are enclosed in a bivalve Shell, which oorresiKmds to the 
shield formed by the union of the segments of tlie head and 
thorax in the Malacostraca. This shell is kept closed by a 
muscle. Its surface is smooth or variously marked, often wiUi 
hemispherical knobs, and its small oval form is characteristia 
The valves of ostracods are seldom liable to be confused with 
those of young lamellibranchiaU (see fig. 124). The shell ia 
chitinoos or caTcareoni. 
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The lino of junction of the two valves alonj* 
which they remain united. Little teeth sometimes occur upon 
tlio hinge (fig. 124, c). • 

Veiiiral border , — The lower border, towards which the limbs 
of the ostracod are directed during life. 

Eye-spoi.—k fairly hemispherical tubercle occurring in some 
genera on tho anterior part of the valve, and indicating the 
position of an eye. 

The Ostracods are mostly Marine; fresli or brackish water 
forms will bo specially indicated.* 

Cypris (fig. 124, a).— Shell small, partly horny, and thin. Left 
valve the larger. Oval, or rather bean-shaped ; ventral border 
commonly somewhat concave. No 


§1 





Fig. 1*25.— Fig. 128.— L«/>en/t7ia 
ricAid (Ordo* hijlata (Carbonifer- 

vician). ous). Natural size 

shown in centre. 


Fig. 124, — o, Cypris purhecken- 
svi (Ix^sver Piirlxick Reds), 
The left valve is towards the 
observer. 5, Cypriflea putie- 
Ma, var; gibbosa (Middle 
rurhcck). Left valve. c, 
Cythcrireiirugaia, van 
iaia (Lower Purbcck). In- 
terior of left valve, showing 
an anterior socket fur the 
tooth of the right valve ; then 
a tooth, followed by a bar- 
liko ridge, which terminates 
in a posterior socket for tho 
posterior tooth of the right 
valve. (The three figures 
after Prof. Rupert Jones. ) 


teeth. Surface generally smootlj, 
and pierced with minute holes. 
Fresh-water. 

Purbcck to Recent 
Cypridea (fig. 124, h), — Like 
Cypris, but shell bearing a little 
beak-like process, with a notch 
behind it, at the anterior end of 
the ventral border. These are the 
common “ Cyprids ” of the Weald. 
Fresh-water. 

Purheck to Weahlen. 

Cypridina. — Shell small, thin, 
homy or calcareous. Oval, with a 


prolongation near the middle of the 
anterior borc^er, benbath which a notch occurs. 


* Fur interesting descriptions and figures of Pur beck and Wealden forms 
see T. Rupert Jouea, Quart. Joum. Qm. <S'oc., 1885, p. 311. 
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CarUmijWou4 to Hec^nt. Comuson iu Cartt^/tiytTotw. 

Cythere (tig. Il24, c). — Shell tliick, oval, or somcwluit reel- 
anj^ular ; often very highly oriTAmtMiteU with knoU or t»j)iucs. 
Uight valve with a tooth at each end of the hiDgo-Iiney and a 
pit and horizontal groove hetween them; left valve with terminal 
pits, a ridge, and an anterior tooth. 

Ot tlatuiiau to Rfceni, 

Primitia. — Shell small, thick, elongated oval; but hinge-border 
straight Mot always equivalve, A furrow runs on the surface 
from the hinge-border vertically towards the ventral U)nier, 
sometimes reaching as far as tho centre of the valve. 

CaniWan to Cnrfxmi/eriftut. Especially Or(/ovician and Got- 
lafkiian. 

Beyrichia (tig. 125).— Shell thick, surface distinctly convex; 
straight hinge. Somewhat truncated anterior and posterior 
borders, and convex ventral border. Surface divided by strong 
fairly vertical furrows into markedly convex lol:>es, which com- 
monly unite below; the marginal area is smoother. 

Cantf/rian to CaTboni/erous. E.specially Ordoncinn and Cot- 
laruimn. 

Eeperditia (tig. 126). — Shell large (attaining 2 cm, in h ngtli), 
thick, rather U‘an-slia)>ed ; straight hinge-lK)rd(‘r, and convex 
ventral border. Anterior Umier shorter than posterior. Eight 
valve larger than, and lapping aoniewhat over, the left. A small 
eye-spot occunt near the liingo- border, 

Cainhrian to Car6o»»/<Taus. Especially Ordovician and Got- 
landiatu 


B, PilVLLOPODA. 

The animal is more distinctly segmented than in the OstractKla, 
and the thoracic limbH, often numerous, arc tl aliened and leaf- 
like, each dividing into two flaps at the end. Many genera have 
a covering that recalls the ostracod shell. Compare also tho 
PWllocarida. 

Bstheria,— Shell bivalve, thin, sometimes partly calcified, but 
cominonly horny, with a polished ap[>Garanco. A small rounded 
umbo occurs near the anterior margin; hinge line toothless and 
straight. Ventral border convex. .Surface in most species 
concentrically ribbed ; sometimes smooth. 

Prof. T, Rupert Jones* remarks tliat, while Bklheris hnvo 

*PoMil Kslhcna.-. Paiofonl. Society, 1862, p|i. 12 and 13. 
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often been mistaken for small forms of Avicula and I’osidonomya, 
their horny appearance will distinguish them from the former, 
while there is also an absence of any bending out of the con- 
centric markings towards an ear, such as Avicula possesses. 
The valves, moreover, are rarely so quadrate in form as those 
of Posidonornya. 

Fresh and Bracklsb water; but early forms are found associated 
with Marine fossils, perhaps owing to floods, perhaps through 
difference of iiabit. 

Devonian to Recent. Fairly common in the Trias. 

C. Trilobita. 

Owing to the absolute extinction of the whole order, the rela- 
tions of the Trilobites to the well defined Crustacea and to the 
Arachnid a have remained somewhat obscure. Thanks to the 
work of Messrs. E. Billings, 0. D. Walcott,t and J. Mickle- 
borough,^ the appendages of the genera Asaphiis, Oalymene, 
Clieirurus, and Acidaspis, are now fairly known; while Mr. 
Beecher has examined them in Trinucleus and, with signal suc- 
cess, in Triarthrus.§ Dr. Oehlert has recently summarised the 
results of these researches {Bull. Soc. gk>L de France^ 3me ser,, t. 
xxiv., p. 97 ); and it has been pointed out that Linnaeus observed 
atitennm in a specimen of Paraboliua as far back as 1759 (see 
Geol. Miiij.y 1896, p. 142). The verification of these in Triarthrus 
has led to the retention of the trilobites among the Crustacea; 
and Mr. H. M. Bernard sees in Apus their nearest living repre- 
sentative. Some valuable considerations on the segmentation 
and limbs of trilobites are given by 0. Jaekel {Zeiisekr. deutsdt, 
geol. Gesell^ Bd. Uii., 1901, p. 133). 

The hard covering of the trilobites, which is all that ordinarily 
remtiins to us can be clearly divided into three parts, the nomen- 
clature of which has depended upon the classiflcatory position 
taken up by successive palaeontologists. The supporters of the 
arachnid view emjdoy “ cephalo-tiiorax,” “abdomen,” and “post- 
abdomen ” or “ pygidiura ” ; the rival school uses “ head,” “ thorax," 
and “pygidium ” To avoid confusion, and to carry forward the 
same nomenclature when writing of the Merostomata, we pro- 
pose to speak of the “head-shield,” “body,” and “pygidium,” 
This is practically the plan adopted by Mr, H. M, Bernard. 

i I fad’ shield (fig. 127). — This portion is approximately semi- 
circular, and is not broken up in the adult into transverse 

• (j^uaW. /wim. Qtol. Soc., vol. xxvi. (1870), p. 479. 
t Mustwn Comp. Zootogg, Cambridgt^ U.S.A.^ 1881. 

i Keprinted in Oeological Afo^axtne, 1884, pp. 80 and 162. 

I Am. Joum. Sc*., 1895 and 1896, and 4th ler., vol. xiit (1902^ 
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segments. It has curvwi aiUerior (or fnmial) and laimd hordeti^ 
fonmng an outwardly convex margin; while it has an almost 

straight posterior or oc- 
^ ' tipit^ border^ where it 

yO > 1 . joins the first body-seg* 

A’v X inent An ocdpitai/urroiQ 

^ jy. often occurs in tlie head- 
/2rr ^ shield parallel to and near 
I* — ‘ border. The shield 

r 'N. is folded over below its 

front margin, so as to 
I extend a little way l>aek 

2* towards the mouth. 

^ In young forms, the 

Y ^ original segments compoa- 
head-shield have 
^ traced. O. Jacket 
regards these as always 
^ eight, including tho hyjK)- 

stomo as the first. 

Ciabella . — The convex 
y elevated portion of the 

\ y/ head-shield reaching from 

\ / the centre of the occipital 

\ ' border nearly to the an- 

^ .rv . . teriorborder. Theglalxdla 

Fi'. iJ7.— Tnlobit* (Daimahui caudata : ■ * / i - 

W.olockB«i«). //, Hwd ihieU; r, 'ancs in form an.i sonic 

Body-iegncaU ; l\ Pygidiuin. f, times bears lateral fur- 

Eye. yx.f, Fixed cheek, fr.c, Fr« rows, which run approxi- 

check, /i, Facial suture (lUrting in niately at right angles to 

thU M.mple from th* lal.r.1 margin 

aod fioallv paatmff roand m front of , ■ t t i 

the gUbelhlK g, GUbclU (bearing edges into loU*, and 
lateral hnrowi}, pi, Pleura prolwbly represent traces 

, of original segmentation. 

Facial Sutura . — Fine lines of junction l^etwern the two parts 
into which the area on either side of the glabella can be divided. 
hAch of the two facial sutures arises at some posterior point of the 
border of the head shield, runs forward l^twcm the glabella and 
the eye, and either terminatea by cutting across the anterior 
border (fig. 128), or by meeting its fellow suture in front of the 
glabeila(fig. 132). Occasionally in the former cane an additiunnl 
suture, the marginal suture, runs from one facial suinre to the 


i27.— Tritobite (DatmuMui c&utUita ; 
Weolock Beds). //, Head shield ; T, 
Body-segneate ; P, Pygidiuni. e, 
Eye. yx.f, Fixed cheek, fr.c. Free 
cheek, /i, Facial suture (starting in 
thia example from the lateral margin 
and fioailiy paatiiig roand in front of 
the glabella}, g^ Glabella (bearing 
lateral hnrowi), pt, Pleura 


other aWg the anterior part of the btod-shicld, as in Calymeuc, 
Partdozidei, and IlUeQu& 
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Fix^ Chtek9.'^T\\% areas on each side of the glabella between 
it and tlie facial suture, 

Frte Cheeks . — The portions of the head-shield between the 
facial sutures and the outer margin. These two parts may 
become detached after the death of the animal, and are often 
seen to have shifted away slightly from the fixed cheeks. 

Eyes . — These are sometimes absent (fig. 130), sometimes 
represented only by papilla ; but they are commonly present as 
two somewiiat crescentic elevations, occasionally supported on a 
stalk, and are covered with numerous facets, each of which was a 
lens (figs. 127 and 135). As above hinted, they occur on the free 
cheeks, close against the facial suture, where it approaches the 
side of the glabella. 

Hypostoim. — The anterior portion of the head-shield is bent 
over, and may form a broad crescentic plate-like surface on the 
under side. A small plate of various form, often occurs before 
the mouth, with its anterior border in contact with the edge of 
the folded-over head-shield, and its other borders free. This is 
the Hypostome (fig. 133) representing the labrum that overlaps 
the front of the mouth in higher Crustacea. T wo sense-organs 
(1 eyes) occur on it in some genera. (See \V. K. Spencer, Geol. 
.1/ay., 1903, p. 489.) 

/iody.— The portion between the head-shield and the pygidium. 
It consists of a very variable number of segments, which were 
movable on one another, so that in some genera the animal 
could coil itself up after the manner of a wood-louse. Two 
longitudinal furrows or depressions run down the body, one 
starting on each side of the glabella, and corresponding, in fact, 
to the depressions which divide the glabella from the cheeks. 
Each body-segment is thus marked out into a central convex 
part, the annuluSi and a flatter and commonly broader portion 
on each side. The latter areas form the pleura;* they are 
generally marked with a groove, or a ridge, from the annulus 
outwards, and often termioaU in spines (flg. 128). The convex 
ridge formed by the series of anfluli, running from the glabella 
over the body, and commonly on to the pygidium itself, is termed 
the rocAw. 

Pygidiunu — The shield covering the posterior part of the 
trilobite. Its outline often repeats that of the head-shield (figs. 
129 and 133), and it consists of permanently united segments. 
Sometimes the traces of the original segmentation are perfectly 
clear (flg. 134), and the rachis generally persists on it for some 
distance. 

* Pleura and pUum have alike been used ; their respective suigulan an 
pUunm and pleura, both of which are good Greek forms. 



TIULOBITA. 


m 

Appenda^.—Of the five pairs of head-appeiidagea known, the 
fii'St is a pair of attienntf, their bases inserted on the edge of the 
hypostoine. These are long in Triarthrus, and consist of one 
ray. The bases of the rvtnainin^ four pairs were prol)ably U8td 
in mastication. Each body-segment bore a pair of appendages, 
and the pygidium hail also a number of jmirs corresponding to 
its originaU segmentation. All these limbs were fixed to the 
inside edges of the rochis. They were simple biramous types ; 
and the pygidial pairs, and possibly those on the Ijody, served 
for respiration as well as for swimming. There is a gradual 
change in type, from the anterior b^ly -appendages, which 
resemble those on the head-shield, to the posterior ones, which 
resemble those on the pygidium. 

Lastly, we should note that the more resisting character of the 
head-shield and the pygidium often allows of their being found 
isolated in rocks, when the body-segments have lx?come parletl 
asunder and lost. It has Wn suggrated that the “ trilobile,” 
as found, may often be a mere “skin” cast off by the animal 
during life. 

The Trilobites a cre all Marine. 


Paradoxides. — Form elongated; sometimes large (70 cm. or 
so in length), tapering fairly uniformly from the front to the 
pygidium. Heafl shield s^'inicircular, with a long curving spino 
running backwards from each of its |K)stcrior angles. Cilai>ella 
rather flat, rounded and l>road in front, narrowing posteriorly, 
with lateral furrows. Fa<.*ial sutures running from jwsterior 
to anterior border, without bending in any great degree 
towards the glabfdla A marginal suture ii present, ^dy 
with numerous (16 to 20) segments, and with well-marked 
trilobed character. IMeura furruwed and prolonged M spines. 
Pygidium very small, tlie rachis being continued on to it for 
a short distance ; a long spine often runs out posteriorly on 
each side. 

Exclusively Cambrian. Typically Middle Cambrian, 

Olaoeilus. — KesemUes Paradox id(», with narrower glAl>c|]a ; 
facial sutures obscure or absent. Third bod^-segment often 
larger than the others, Pygidium at times styhform. 13 to liC 
body-segments. 

Lower Cambrian.^ 

* See ** The Story of (Henellat,” Natural Science^ vol. i. , p. 340. Uoimia 

aiul Mt$o%ad$ are sabgeoera. 
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Olenus (6g. 128).— Form broader and more oval than in 
Paradoxides. Head-shield broad aad semicircular, 'with a spine 
running back from each posterior angle. Gla- 
bella rather conical, narrowing anteriorly, and 
with lateral furrows. A little ridge runs out 
from it to each eye, at right angles to the axis. 

Facial suture running from posterior to anterior 
border, soipetimes closely approaching glabella, 
licnly with 12 to 15 segments, which have 
short sharp backward terminations. Pleura 
broad, Pygidiiim small, broad, with rachis 
well marked on it for some distance. 128.— 

Exclusively Cambrian. Typically Upper ^ 

Cambrian. 

CoQOCoryphe (Conocephalaa). — Form much like Olenus. Head- 
shield semicircular, without posterior spinea Glabella conical, 
furrowed ; somewhat truncated at its nan-ower (anterior) end, 
and divided by deep depressions from the cheeks. Eyes lather 
near the anterior end of the glabella, and facial sutures running 
I'roin the posterior margin, near the angles of the shield, inwards 
almost to the glabella, and then out, widely diverging, across the 
anterior border. Body with fourteen or fifteen segments; rachis 
well marked ; pleura furrowed, and rounded at the ends. Pygidium 
small, with distinct rachis, and with traces of segmentation. 

L. Cambrian to Ordovician, 

Angelina. — Proportions much as in Olenus, and head-shield 
with posterior spines. Glabella narrowed anteriorly, but smooth 
and rounded. Body with fourteen or fifteen segments ; pleura 
furrowed. 

Cambrian. 


Agnostus (fig. 129).— Form small, elliptical, the head-shield 

Kg, riD.—itjntwiwi Fig. 130.— 7’r.«ucl«iw cojwfft* Pig. 131. — ^arpei 
tCambrian). tririM (Bal& Beds). Id Fian'tgani (Bala 

, various stages of growth. Beds). 

and pygidium being almost similar; both are rounded at the 
outer end, with convex or straightisli sides. Glabella distinct. 
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No eyes or facial sutures, Botly with only two segments, 
Py^idium with fairly iihirked mchis, which terminates broadly ; 
a little process often runs out. posteriorly from each lateral 
bonier of tlm pygidium ; but it is otherwise difficult to dUtin' 
guish detached pygidia from head-shields. 

Cambrian, 

TriDUdeilS (fig. 130). — Head-shield large and predominant, 
projecting laterally beyond the body ; semicircular front, and 
often with long spines from the posterior angles. Glabella and 
cheeks smooth, and forming three strongly convex elevations, 
which leave a broad fiat semicircular lx>rdcr beyond them. This 
border is pierced with minute holes. No eyes or facial sutures. 
Body with six segments; rachis rather narrow and distinct, oon- 
tinued on to the small pygidium ; pleura furrowed. The body 
and pygidium are together smaller in area than the head shield. 

Ordovician. 

Harpes (fig. 131). — This remarkable form l)ears some re- 
semblance to Trinucleus, having a similar broad perforated 
border to the head-shield, prolonged backwards in this case 
almoit as far as the pygidium. Eyes present, but no (or very 
indistinct) facial structures. A little ridge sometimes runs from 
the glabella to each eye, as in Olenus. Numerous body segments 
(about twenty-five). Pygidium very small. The fiat Iwrder of 
the head-shield is sometimes found detached and isolated. 

Orditvician to Devonian, 


Calymene.— Form oval, rather broad. Often ornamented 
with little tubercles. Head shield broad, rounderi anteriorly ; 
posterior angles generally without spines. Glabella convex, 
with three strong pairs of furrows, the moat |>osterior |>air in 
some species bifnreating at the end. Facial sutures running 
from the posterior angles obliquely inwards to the eyes, and then 
across the anterior border, where they are connected by a 
marginal sutnre. Body with thirteen segmOf ts ; rachis well 
marked. Pygidium ronnded and scarcely distinct from the body, 
the rachis robbing to the end, and traces of segments l>eing 
clearly marked. 

This genus is one of those most frequently found in a rolled 
up condition, as in the specimens from the Wcnlock Botls at 
]>adley. The hindmost of the pairs of limbs«on the head-shield 
is larger and broader than the others, suggesting its^difierentia- 
tion into a special |mir of paddles. 

Ordovician atid Ooftandinn. 
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Homalonotus (Eg. 132).— Form 
mented with spiaes. Head-shield 
or pointed anteriorly ; no poa-, 
terior spines. Glabella com- 
monly only feebly marked off 
from the cheeks, and unfurrowed. 
Facial sutures much as in Caly- 
mene, but commonly meeting 
without intersecting the anterior 
border. Body with thirteen 



Fig. YZ^—HomUonotus (Gotlandian). 
Showing facial suture continuous 
in front of the glabella. 


fairly long; sometimes oma- 
rather broad, either rounded 



ig. 133.— Poiwm (Ordo’ 
vician). With hypostome. 


segments ; rachis not sharply marked off. Pygidium with rachia 
and traces of segments; pointed jH>sieriorly, sometimes ending 
in a short spine. 

Ordovician to Devonian, 


Ogygia. — Form often large, roundly oval, and rather 6ah Head- 
shield semicircular, sometimes with posterior spines. Glabella 
rather straight at sides, widening in front, with four pairs of 
furrows. Hypostome not notched on its posterior border. Facial 
sutures running from the posterior border, near the angles, 
obliquely to the large crescentic eyes; thence they sometimes 
cross tire anterior larder, but generally unite in front of the 
glabella. Body with 8 segments; rachis well marked; pleura 
broat), furrowed, not spinose at the ends. Pygidium about the 
same si/.u as the head-shield, and nearly semicircular, slightly 
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elongAtecl; its nvchis U dUtinct, with numet*ou8 segmental 
markings on it and on thi* lateral areas. 

Oniovician. 

Asaphas (tie. 133).— A close ally of Ogygia, and often large. 
Like Ogygia, out rather moro convex; S body-sogments. The 
traces of scgiuenUtion on the pygidium are confined to its rachis 
or altogether absent. The head-shield may be sharply pointed 
in fronts or semicircular; glal^ella commonly not furrowed. 
Hypostome with a deep notch on posterior border The glaUdla 
on the bead-shield and the rachis on the pygidium may up^K^ar 
merely as broadly convex folds. 

Onion iati. 

lliaeaUB. — Ally of Asaphus. but commonly more strongly 
convex, and more broadly elliptical in outline, (llabella only 
feebly indicated, externally wuhout furrows. Facial sutures 
connected by a marginal suture; 8 to 10 body-segments (typically 
the Utter) ; pleura smontli. Pvi'idinm with slight trace, if any, 
of rachis, ano with no external signs of segmentation. 

Ordovician and Gotiondian. 


PhACOps (fig. 134). — Form eiongaU^l, oval, or elliptical. Head- 
shield almost semicircular, without [nrsterior spines. OUltelU 



Pig. 134. — Pha/Mpi {Chamnp^ 
ronopltlhaJmuM (^la Bedt). In 
the Hob eenus th« an- 

terior loM of the glaWUa arc Ptg. 1 3ft. — RrmlmM 
exceptionally expanded. (Devonian). 


much widened anteriorly, distinct ; only fe<djly furrowctl, except 
in the poaterior part. Facia) sutures arising on the Utend 
marg^Ill^ almost opposite the eyes, nnd uniting in front*of the 
glabella. Body with 1 1 HegmenU. Pygidium semifircularj with 
marked rachis and signs of segmentation. Bee Dalmania. 

Qo/dandiem to Devonian. 
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Dalmania (fig. 127).— Like Phacops, of which it is often re- 
garded OB a meic sub-genus ; but the glabella is distinctly fur- 
rowed, and not so markedly widened anteriorly. Long posterior 
spines to the head-shield ; the pygidium also commonly terminates 
in a spine. 

Ordovician and Gotlandian, 


Brontens (fig. 135). — Form broadly oval. Head-shield semi- 
circular; free cheeks often detached; glabella much widened 
anteriorly, and sometimes furrowed. Ten body-segments; pleura 
with longitudinal ridges. Pygidium large, rounded posteriorly, 
with very short rachis, from which somewhat broad furrows 
radiate to the margin. 

Ordovician to Devonian, 


The last family, the Proetidse, contains the latest surviving 
trilobites. 

Proetus. — Form small ; oval or elliptical. Head-shield semi- 
circular, with a distinct thickened marginal rim; posterior spinea 
sometimes occur. Glabella convex, somewhat narrowed in front; 
unfurrowed. Facial sutures running rather atraightly from the 
posterior to the anterior border. Eight to ten body-segments ; 
rachis distinct, pleura furrowed. Pygidium with a semicircular 
border like that of the head-shield, the whole form being thus 
simple and elliptical. 

Ordovician to Carboniferous. Typically Lower Palaeozoic. 

Phillipsla. — Close ally of Proetus; but the glabella bears three 
pairs of furrows, and is bounded by nearly parallel sides. Nine 
body- segments. The smooth elliptical outline of Proetus is 
maintained in Phillipsia. 

Gotlandian to Permian ; typically Cairboni/erov^. 

Griffithides.— Like Phillipsia, of which it may be regarded as a 
mere sub-genus ; but glabella distiictly widened in front, with 
one ]mir of furrows only, these being posterior. 

Carboniferous. 


• D. Merostomata. 

Thii group of arthropods, represented at present by the King- 
Crab (liimulus), attains importance on account of the great size 
of many of ils forms. Aglaspis of the American Cambrian is 
regarded as an early limuloid, and NeoUmulus and Hemiaspis 
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jire allj<‘s from tho British Gotlaiuiian. The Kiirypteridn mnge 
Iroin the {.\inihrinti to the Carboniferous. 

Here, a^ain, the nomenclature of the parts of the aniiualn 
dej^entls upon tfieclassitication adopted. The ariichiiid view ^ives 
us cephalo-thorax,” “abdomen/’ and “post-abdomen”: the 
crustacean view, head-shield," “ thorax,” and “ aUlomein” We 
pro{K)se to adopt “head-shield." “ Uxiy," and “posterior re;'ion,'' 
in order to avoid debiuaide "round, and to compare iho Merosto- 
maU fairly with the Trilobites. 

(i) XipnosuRA. 

Belinuros is an early ally of Limulus, with hemispherical head- 
shield, o unfused UHly-segnif'nts, and 3 fused po.sterior sei^nu-nt.^, 
this region terminating in a long spine. Having a glal»i-lla, 
r.Hchis, and furroweil pleura, it has a 
decidedly triiolutic character. 

Devonian {!'. Oil Hed Sanditone) and 
CVxi/-.t/M4n/rM. 

Prestwichia (fig. 136) is like I^Unums, 
but its bmly-segriuntfi are fused, as Wfil 
as those of the posterior region. 

U. l)eis>nian to i'ennian, 

Prolimalus, r«‘semlr]ing a larval Idmn- 
lus, occur.s in the Penman of iJolieinia. 

Limolas il.S'-lf, witli its fused Imdy- 
segments, aiid no oilier n-preseniative of 
Pr*Mirx^hin '^\tndat% |io8t6rior region than a spine, occurs 

tCArf>*jnifrn)us). as early as the 7rw^, The larva of 
Limulms, with its .separate hrad-shirld, 
marked with a glalxdia, and its segmented body, presents a 
striking resemblance to Prestwichia, and is to the geologist on^* 
of the moat interesting of living creatures. 

(ii) Euryptkuida. 

The Eurypterida include animals some four or even six feet 
long, the appendages aftachcd to the hfad-shield being highly 
drvelo}>e<i and of very various form. The Imdy has six iinfu^ed 
segment^, with l»ran«ijia!, which are eonnected with plnte like 
appKJndages, occurring on their under 8i<tes; there are seven jx»H- 
terior segments, also movable, the last consisting of a uf/mn, as 
in the familiar Cray fish. The whole surface preserves only 
traces of a trilol>ed character, and is more nr less folded over 
in the body and posterior regions. The whole form is long, 
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hut somewhat pear shaped. For a general review, see Clarke 
and Ruo<lejnanii, Mem. Xew York State Mus,^ vol. xiv. (1912j. 

Eurypterus haa a somewhat semicircular head, rather straight 
at the sides, wjth a large pair»of eyes set well within the mar- 
gin ; “ocelli ” or eye-spots occur in addition in the centre of the 
shield. The work of Dr, Fr, Schmidt* has revealed an additional 
small ])air of appendages, not reaching to the margin of the 
head-sliield, and in advance of those previously known. This 
first pair is now known to be .provided with prehensile claws 
(chelae), and behind it come four larger pairs of simple limbs. 
The sixth and last pair consists of large flattened swimming- 
paddles. 

Schmidt brings forward evidence to show that the body- 
segmenU bend over comparatively slightly at the sides, as in 
ordinary trilobites, and that the plates which seem to continue 
them on the under-side, thus covering the brauchi®, belong in 
reality to the branchial (phyllopodou.s) appendages themselves. 

The telson, in opposition to that of Pterygotus, i.s a long 
spine. 

Uppermost ^otlandian to Carhoniferoxtt. 

Pterygotus is generally similar in form to Eurypterus, but its 
two large eyes lie on the anterior margin of the head-shield. 
The first appendage on each side is long, and terminates in a 
claw like that of the lobster. Schmidt f finds four smaller simple 
pairs of appendages behind this one— not three as usually 
figured; the sixth, as in Eurypterus, is a pair of broad swimming- 
paddles. The telson is also broad and paddle- shaped. 

Ordovician (Bohemia) to Devonian [Old Red , Sandstone). 

Stylonurus resembles Eurypterus, and has similarly a spine 
for tlie telson ; but its two posterior pairs of limbs are very 
long, resembling jointed rods. 

Uppermost Gotlandian to Devonian. 


E, Leptostraca (^^yllocarida). 

This division of the Crustacea has bgen formed to include the 
small living genus Nebalia, which has characters intermediate 
ijctween some Entemostraca and the Malacostiaca. As in the 
latter division, the heiwl and thorax together include thirteen 

• “ ]>io Crustaceen fauna dec Eiirypteren.'iohicbtcn von KooUikull auf 
Ocscl. M(Un. Acad. *mp. des Sciences de St, Pttersbourg^ fl<5r. 7, tome 
xx\i. (1883), 61, !lq. 

+ Ibid., p. 04. 
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se^menta ; but Nel»alia is peculiar in liaving eight alxlominal 
segments. The tlioracic limbs ally Nebalia to the Fhyllopoda; 
an<i it haa, like Apus in that group^ a thin doi-sal Mhiohl, fohled 
over late rally, ami covering the'cephalic and thoracic segments. 
On the other hand, it has a ehunicteristic appendage, the roilmm^ 
in front of the shield. Nebalia is Marine. 

Several well-known Palseotoic genera have been transferred 
here from the Phyllopxia, on account of the fairly constant 
number of their segments, the 'presence of a mstrmn, A’c. But 
much caution must necess.arily be exercised in dealing with llieir 
thin and fragmentary retn.ain.s. 

CeratiocaHsk — Dorsal shield hivaivo, somewhat rectangular 
when viewed from the side. Fourteen or more segraenta. of 
which Bomeumrs as n any as seven are tree, and j)raject beynml 
the dorsal shield. Sui faoe of shield finely striated pralhtl to its 
length. Rostrum kn^wn. Abdomen terminating in a telson, 
which is formed of a large and two shorter spiiU’S. 

Ordorictufi to Carhimir--rou.^. 

Hymenocaris. — Donjul shield comj*osed of one piece folded 
over, distinctly convex at the ventral border. Telsoii with 
sevenil spines. 

Cambrian {Lin^^a Fiagi), 


P. Malacobtraca. 

In thia division, including the modern types of highly-organ* 
i^tod CnisUc'^a, the aninml has typically six Ijead segments {Moino 
antliors, r<-ckoning in tlie eye, have counted seven), w>ven 
thoracic segmenta, and .seven abdominal segments, inclmling tlio 
telson. 

While foM-sil remains of Malacostroca occur scattered fairly 
freely through Mesozoic and Cainnzoic ri>ck,H, they are scarcely 
to lx? regarded as of importance in characterising special horizons, 

ArchaoniscuB may l»o meiAioncd ns an early representative cd 
the Isofioda. the order that include.s the Woodlouse (Oni.HCUH), 
The isopo<is have the hdad distinct from the thoracic segments; 
the form is broadly oval, and the braticliin* are homo by thn 
fused ahsioininul segments. In Archieoniscus there aro thirteen 
thoracic^oalxlQminal segments, including a rounded Udson. 
Miine hxlwartls asaigns seven of these to the thorax. 

Furl^ck. * 

As an example of the Macrurous Decapoda, which include the 
lobster, we may mention Hoploparia, in which there is the 
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cburacteristic fusion of the anterior sogrnents into a cephalo* 
thoracic shield. One of the twp great anterior clawed liruba is 
more slender than the other. 

Lower Cretaceous to Eocene {London Clay). 

Lastly, PalaBOCorystes {Gault to Eocene)^ and Xanthopsis of the 
Cretaceous and Eocene, are familiar Brachyurous Decapods; they 
.1 re crab-like^ therefore, inform, with the abdomen, unlike that 
of the Macrura, folded under the broad cephalothoracic shield. 


OHAPTER XXVIII. 

SUGGESTED LIST OF CHARACTERISTIC INVERTEBRATE FOSSILS, 

As already mentioned (p. 2li2), this list consists in great part 
of forms familiar in the British Isles, and must be modified to 
suit tlte needs of observers in any special area. Some rare 
forms arc included, where tiiey mark important zones, or where 
tliey are a di.stinct addition to tlie fauna as displayed by otlier 
genera. Attention is particularly directed to the generic names, 
since these give an idea of tiie faunse of succQSsive periods, in 
whatever country the student may be placed. On going over 
the list in front of the specimens in a public collection, notes 
may conveniently be added as to specific characters, A few 
such notes are given here; but to ascertain the real points of 
difi'enince between one species and another of the same genus, 
reference must be made to the original descriptions, or to publi- 
cations such as those of tlie Palwontographical Society, Dr. E. 
Koken, in his Leitfossilkn (0. lI.*Tauchnitz, Leipzig, 1896), 
enters usefully into tho specific details of a large number of 
characteristic fossils. Where synonyms^xist, the more familiar 
names of genera have been adopted; and where a new genus 
has been established out of a subdivision Of an old one, the 
o^der name is often also given. 

• 

Abbreviations used Hydro. = Hydrozoa. Actin. = ActincMEoa, 
broeb. " Uraohi%poda. Lam. ~ LamelUbranchiaU. Gaat. = Gastropoda. 
Ceph.=»C«phalopodx Ani.~AminonUa. 
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1. CAMIUMAN, 

Lower Series (Olenellus Series; Tacouian, Lujiwortii, 1891). 

Ptvtosji^hiiui. 

llnu'li. I.inyul’Ila yritmn it, 

Ptf'rojHnia i 7 / y ol uhaa u u I <7 u ti^, 

TriluUla. OUti'Uujf. 

li^lddle Series (MeneviaD; Paradoiddes Series). 

Sjv.ri;ur. I‘ro(»jf}Ohgvi 

Krak.}i Dts'iwi yilrolus. Obol^ihi sivjitUi^iif 

P[vh»jioda I Uyoliths cormg^.Um. 

Trilobita. /Airi^/w. Vonocoryp^^e cofomta. Ay 

Upper Series (Olenus Series). 

Lisovla Fla^js St auk. 

Rrftch. I.inuiilAbi Orihis kniicuhirii, 

Tril.djita A '/Jiottuji pU ( f‘jrru . 

Fhyll(XariJ.i. Ilymfiuxaris V'rinioiu^hi. 

TfiKAfAWC STAOE. 

Ilvilro. lti*'(yo}iKmn s^Jcial^!. 

iJrach. Orl^iU Carawrii. Fitly uUlla UpU. 

I.;tm f'^ht'tFonOi atul fih(p((ir<'a, aa early ally of Area :rair), 
via. Ilytilithf'.*. C'onalftria. 

Triloljita. Olfuujt ConX'jryphe (F'prtutt'^. Anyd^ina S^dywiki 


il. uKbOVH'lAN (I.OWKK SILUIUAN). 

Aj-enig Series. 

i 1 ydro. DidymnyrapliiJi. I)iployrtiplu 4 , 

Llandilo Series. 

H \ « I ro . Oi'f i/vu/yraptU4 Afu rch iWti, 
linn h. fhthis itriatula. 

fMlerophm pt;TtnrL{itus. 

Irilobita. Oyyyia Buchii Asaphm lyravnui. 7'rinUilfUi. 
Cd^ytn^ne. 
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Bala Series. 

1 lydr.). Diplograptua. Clwuc^io<jrai)tas. 

Ijrach. Or this calUgramnia. Orthia Jlabellulum. 

Ooph. Orthoceras ragans. 

Cy 8 tides. Echinosplujoi-itcs. 

Irilobita. 'I r {nucleus concf/tdriciia, IVvcnus. Phacops Brong- 
hiarti. . ^ 


III. GOTLANDIAN (UPPER SILURIAN). 
Llandovery Series. 

^ Hydro. 'Dip^graptus veskulosus. Monograpius f^vlgmckx, 
Uadnirs pcregrinus, 

Hracli, Ptniamerus ohloiugus (common as casts in England) 
Trilobita. Proelus Stohsii. 

Wenlock Series, 

J I ydro. M onograptus priodon. Blroma topora. 

A cl in. Ileliolites inter stinctu!:. Haltisites catenularia (also in 
Lula iSeries). Omphjuiu turhinatum. Cyaihophyllum anguslum. 
I 'a vosites go ihlaiuHca, A Iveoliies. C(mites. 

PoIyz(ja, Iknf Stella, 

Bra 'll. Rhynckonella borealis, Orthis degaatula, Lepkena 

rhoinhoidalk, Atryparcticnlaris. Mcristella tumida. 

IjAin Orthonota amygdaliua, 

(last. Evoinpludus mgosvs. I’leurotomai'ia. Murchisonia, 
Pleroj uda I TentacuUtes. 

Cepli. Orthoceras (innulaium. Phragmoccras. Goviphoceras, 
Cri noidea. Actinoerimis. CyatJwcrinus. 

1 rilobita. Culymtne Blximenhachii. I ! orualonotus delphino^ 
cephahis. Dalmania caudata (Phacops caudalns), 

Ludlow 'Series. 

jiiach. Pcnlanurus Knightii (Aymestry Limestone). 

L.iin. Cnrdiola inteirupta, Orthonvta, Grammysui, 

(V'pli. Orthoceras ludense, Lituites, 

J'mrypttTida, Eunjpterus, Eterygotus. Siylonurus, 


I,V. DEVONIAN. 
Lower Series. 
Brach. Spirijer speexosus. 

Lam. Granmysia marginata. 
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.IV? ii Orthoc^nis 

Trilobita Ihoutrus. /Immlonctus. 

* Middle Series. 

Actin. Cyittf>f‘‘^phyllum h^Iianlh<>iii^ i*. Fot'Oiiit*:s (ufnujtrd. 

Cti/iWa fauthtittta. 

Bi'ach. Stnfu^yj hdfus liurtini. Fi'in/tr fJf’tjam. I\ titiimi ru& 
(also ill U'l’nK^ck Series). ' 

Gast. lU{l<^rojthon ftruiiKjt. f‘Uun<U>m(tiia, J/n/r/ii. ’.«»«! a 

Crinoulea. .<!{*/ 

Trilubita. Ph’.icO}>;i hti/ren^. iironh'HS /hil>cHi/rT, 

Upper Series. 

rtyd ro. .'^7/OjU(i/o;.>orn . 

^kach, J^ry/>ti (pa>scs up I'luUi Silurian). lihyn- 

chont^lla cufouitf, i/r r Vfnieuili. 

I.aiu. Cucitlltra unUattralis [Jlurdiufjn], Vitrdivlu. 

Ct-pli. C7ynif uui. ProlciauiUs {G'oniatiku). 

Old Bed Sandstone (Fresh water Devonian). 

I^m. Archanodon Juhiii (pa,ssage W<ls to L. Carbon il'eruuH), 
Phylloptxia. £$(h^ria. 

Furypt«rid&. Eurypteriij. i’tcryyvtus. Siylonut 114. 


V. CAUliONirKUOl S 
Lower Series (Avonian of Kni'lainl). 

T -- Aon/; /if iToniy',asfA.\) StAhK; 

V = A) STAf/K; 

P = rKShUSiiiK liKDs in Vis^an. 

Foraminifera, EuriothyTai Fiimlina. Succaviniiria. 

Actin. Syrinycij^^/ra ramnic$n. C7<l>^/pora (IfOMt of T). 
ZaphreniU (T). cylindrica and other species (lop of 1' 

and i;asc of V). MicheHuia /«ro*u (T). LonsfJakia 
( V* ) Oihvnfffdiyllum (ally of I/umlakia, bub not a unpound, and 

with a medium plate across the central area. V). CyathophylUm 
regi u m ( V ). Lufut$tTot km j u upturn ( V ), 

Polyjto*. Fe^Uila. Enlalojyhtira, 

Urach. SfAr^/er girialun ; Sp. trigonaliit; Sp.pwjuki. OrtJii$ 
re*iip\nata. Produdni $*rfnir€tiaihiu4 ; P. giynukm. Terdtra 
<u/a huiala, Rhynchondia pugnu*. ^'emtnu/a (sbeU smooth. 
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siniiewliat like Terebratula, but with internal spires like those 
<»t Spirifrr, V). SijThitjothyris (like Wpirifer, but with very l^frge 
area, and a split tube, the ^syrinx,’* formed by the curving 
edges of two plates that spreacl from the dental plat«s and 
nearly close the triangular aperture Base of V), 

Bain. Conocardium alifortnA. Aviculopficten (numerous 
spoeies), 

Gtust. ]s\iomphaluxi peniamjulaiuH. Bellerophon. Naticopsis, 

Btcropoda. Conidaria. 

Ce]>li. Orthoceras. Viscites. Goniatites: — Glyphioceras 
ert-nisfria ; Gf. dkulema (P); Frolecanites compressu^ (P); 
J*roiio)^itcs cycloJohjin, 

Cririoidea. , Aciinocrimis. Pkitycrums. Cyafkocrinuis. 

Illastoidea. Granatocrinus elliptirns. Pentremites. 

Crustacea. Leperditia Ok^ni Trilobita: — Grijfithules naicro 
7ia(iiii ; Phillipsid pustnhita. • 

Upper Series {MiLLsrosn Grit Stage to Upper Coal- 
UEASVREi^ of England). 

Lam. Po^idouomya Bccheri. Pkr 'mop*ickti (ally of Aviculo- 
pccten) papyniams. Carhuiiicola (freshwater beds). 

(lii.sL IklUrophon Urnl (also in Avonian). 

Ct'ph. Goniatites: - fjo^toioceras Luieri; Glyphioceras reti- 
culation (both also in Avonian). 


VI. PERMIAN. 

Polyzoa. Fenestdla retifonnk. 

Br;u:li. Produclits liorridns. Canuiroplwria multiplicaiik 
Lam. Schizodus truncalus. 

Gast. Bellerophon. 


VIL TRIAS. 

Lowei; Series (Bunter and Werfen Series). 

l^am. Myophoria codata (Bunter). Modiola hirunli/otv^is 
(lhiiter|. Monotis {Pseadonionotis) Clarai (Werfeu). 

Ceph. 'Aachytera$f and other allies of Ceratiles (Werfen ; 

Vuong these, occurs also iu Bunter). 

Phyllopoda, Estheria AWertii (Bunter). 
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Middle Series (Muschelkalk Series}. 

lir-Aob. **?/>! n/rrnta Tt'rtf/rn(tiKt m^i/oris 

« T>:tiUidin4ht) trljmuilti. * 

I.cun. Stun (Al|»s). }.\nhi (siili Hiulnhi) str'xnfti. 

>i<rx'iUM M vnijari^. 

I’eph. Orthi>'-'ras <\xiniKU\iU (Alps). Atninoiiite.s : — Ttachy- 

ccriis. ( 

C r i n oid ( 'a. K U'^ri i j / il i i/orm [ //. J'osfil U ) . 

Upper Series (Reaper and Upper Aipiiie Series). 

Hracti. Korti^u.'kiua Lf'<>uar<t<. (Aijw), 

l.iUiK Li^r7im'U (Alps'. m'tt-tfti 

(Alp:^'. gt'Uii. Myophurin Gol'l/u^i.* 

rai^Jiiina (Kou}‘<*r and Alps). 

TurfM) ( Alps). 

CVph. OrM-v*- /•<!.» (Alps). A»nfnonit*s 

s'^hti}nbiHraiu4 ; fj'ayOini ; Tuichy<:'t\i^ Jon (Alps). 

I>:hiii«'i.iea. Cn/orM’ uAlp''). 

Kifh<ria (K- upiM*). 

Bhaetic 

T-uii, J'j 0 / 1 / [ }'t-r\n) rnOtrUx }*trO'H 


VI II. JUUASHIC. 

Lower Jurassic. 

Ij)\hKn I.fAH. 

brach. .Spiri/ipnfw Waicnttii. 

Ijara, A vicuna cyymp^^ (a!. so Middle Lias). Cardin it t Listeri, 
Cardinia oxxdu. odium *jiOJuUro$\tm, Cryph<m i/icurio. 

Lima (sub-gen. Clayingtoma) gujaxU a. 

(i.ist. J'lcurotcmiaria angiica. 

I'eph. Ammonias; — lUdorftOi planorhis ; Schiothfimia awjtt’ 
lata ( ASgoarag anyiUat nm) ; A rut it^g Conyh^a rC; A riet xUs liuck- 
landi ; Ariiiitis oUugus , Ojrynofictxrod (AmaliA^uf) oxi/nofui ; 
ArietiUs raricostatus / ^g<>oera» planicoiUi. 

Crinoidea PeniacrwuM. 

hfiDhiE Lias, 

bra< h. TtrtbrtUula punctata, hhynelunwAlu Udrahedra, 

Laiii. PccUn oeguitalvii. 
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(Vpli, Aimnouit(‘S : — ArtudOtcus inartjaritntus ; Amalth^iu^ 
(•apricornus : ^Eijoceraa iltnUyi; ^E<jocera$ 

iif'maluui. 

Upper Lias, 

l-ain. L^dit ovum, 

( V'jili. Ainnionlti’s : — Idiylhx'iiras hdtrophyUum ; CUchceras 
{Ihi<'iy!wo;ri(s) commune; Ilarpoceras {llihloceras) bifrons ; 
Iluipoca'tts ^crjientiman, Belimnites often abundant. 

Middle Jurassic. 

. M I ij FORI) S A y I) s. 

llnicli. RhyncIwncUa cynoccphala (vunlral margin strikingly 

I'licatod), , 

bum. I'kobulnmya fidicula. 

Ct‘pli. Lyt(>*'f'7-os jurcnse {Amnmiifcs jurcniiis). This species 
lia.s several auxiliary lobes, contrary to the rule iu Lytoeeras. 

lypKRiOR Oolite, 

Actin. A(o7illw(diia. 

Bruch . Terebraiula jinihria, RhynchonGlla spinoSa. 

Lam. Aima (sub-gen. Cteno$treon) probo$cidea, Trigonia^ 
[luiiierous RpecioB ; e.g., Tngonia costala. Ceromya bajociana. 
(hwt. Pseudomelania (Chemnilzia), Xerinea.' 

Cepb. Ammonites: — Parkinso7iia [Vosmoceras) ParkiiisoJii ; 
SO’phaiiOceras humphriesianum. 

Koliinoidca. Clypeus Plotii Pygorhytis ringens (Pygorhytis 
is one of the Collyritidie). 


Batuonian, 

Bnveh. Terehratuin maxiUdia (note the range of form iu this 
species). WaldJieitnia digoiui. Bhynchonella concinTia. 

bum. Oresslya ;;crc^ri7ia. Gervilliti aaita. Homomya gibbosa. 
• Orinoidea. Apiocrinua Farkiusoni (.d, degaiut). 

Kchinoidea. BchimhrissiLs cluniadam. 

Upper Jniaesto. 

Oxford Cla y. 

bam. Aleclryonia (Oatrea) Afarshi, Oryp/uea dilatata, 2W- 
(jonia donyota (aUo iu Kimeridge Clay). 
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Ceph. AiiiiiH^nite.s ; — .A/don ; CusnuKerits calliy 

riitiie (KeJUways Rock). Nantilus hAtifyontis. /nuuinu,.* 
Otoeni ( - /msoWaNii^r). 


Cora LUSK Ooutr, 

A ctin . T hicotm ilia an n ularti. Tha r?i « as(r(ra a rtichnoules. 

I.Ani. Tn^onia davelhUa, (Joniomya r-#cri/>te. 

Gast Bmrguetia (Pharianelia) ttriata. Pseuihmelania {Chetti- 
hUzui) heJMngiowrm^, AVin«i GooiiKalli 

C*eph. AmaltJieu$ [Caniioceras) v<^tebra(if ^nUo iu upper zuiie 
of Oxford Clay). P''UmniUs ahhreviattu. 

Kch i noid ea. Cidaris Jtorigejn ma, 

Kimkridok Cla y. 

Rrtich. Rhynchondla inomstunjt. 

l^iui. Ottna (UUouUa. Ex^»jgra virgvfti. 

C«ph. f/olcotUphanus jxUlasianuJi* 

PORTLASD 

Actin. Jiogirtta oWon^/a (best known by its oasts in dint, in 
which the white parts repn»ent the in tU ling of the calyx, and 
the darker more transparent portions the replacement of tlio 
septa and wall. In this sjjecies there is no columella, and the 
septa are strongly marked with lateral granules). 

I.Am, Trigo7i{a gibbavi. 

Cast, Centhium pcrUaruIicum fbeat known by its screw-like 
casts), 

PVRnBCK Pbdh. 

Lam. Cyrena. OHrta dittoria. 

GaaU Palwiitio. Limnaa, 

Crustacea. C}fpnd6a puncUUa. Cypridea grunulosa. Cy}rri$ 
yurbtckK^usii. ArcluKmxscuM Hrt^lUi. 

TirnoSlAS EtaQE (Basin of the HJionc). 

Bra<h. Pygopn and allied vaneties of Terehrutula, 

•8«a Mist Healey. Quart. JwiT%. Otol, 80c,, voL U. (1W4), p. 6^. 
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TX. CllETACEOUS. 

Lower Cretaceous. 

Nkocomian oi France and Switzerland (Lower Neoooifeian of 
nmny authora). Compare with Lower Speeton Beds in England. 

Lam. Exogyra (Ostrea) Couloni, Perm Mulleti (see Ather- 
fielg Olay). Janira atava, 

Oeph. Ammonites: — H(yplite» neocomienm ; Ilolcostephaniis 
(OlcoBtephanus) oBtierianus. Cnocercw {Ancylocems) Duvaliu 
helemnites lateralis, 

Echinoidea. Toiaster conplamius, (Tox aster is a close ally 
of Micraster ; the ambulacra are open below, and the .pores are 
slit-liko.)* . 

WraLBEN {FrEEU-W ATBR PA^RA^-BRm TROU . 

Upper JvRAmc). 

I^aiii. Cyrena media. Vnio vadcUnsis. 

Cast. Paludina elongata, Melania strornhijormis^ 

Os trace da, Cypridea valdensis. 

BarREMIaE'^ or VrqonIAN (Atherfield Olay), 

Actin. Holocysiis eUgans. 

Tadi. (Jervillia anceps. Pema MuJUti (found also in the 
Upper Speeton Beds). Panop<m plicaia. 

Aptian (Hythe Beds and most of Folkestone Beds). 

SpongiEC. Numerous spicules in the cherts. 

Bracli. Terebrat\da sella (also in the Atherfield Clay and 
Sjn eton Beds). 

i^am. Axoyyra smwoia (often large). Plicatxda placunea. 

Ceph. UoplitAs (/Im.) Beshaydii (in this species the median 
fu'iTow com 111 on in Hoplites is absent ; characteristic also of the 
Upper Speeton Beds). * 

AlbiaAi or Belrornian] (Gault, with uppermost part of 
, Folkestone Beds). 

Ht’iU’li. J\ in(f('da lima. Terehraiida Inplxcata. 

•S('o Do LappaiTiit, TmiU^ de. (.VWoyie, ,Snie. t'd. (1803), pp. 1098 and 
11 IH. DivrrCrniun* duo to CtMpmnd in 180*2, is tho prefciMble term. 

+ Soc dukcR-Urowno ami Hill, as to correlation of beds atylcd “Upper 
(’.rceuPtuuU’ in England, Mm. ikol. Surv., “ Cret. Uocka of Britain'' 
^(UKk)), pp. U-31. 
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Til /tf nr u*. //htc- »'(»)»«.< 
(iulvgrn. ^■Ir^jfiof^timuji) $uh'aiu.<. Sucula pirtiutiUi, Jumtui 
qmwpUK'^ostijta, IWim orincuhri^' ftiui r/^/vr (ulsu in Cuiio 
nmniiin). * 

Scjtp h opoda . Deilia I i n m tUcu ss:(U utn. 

(Jast. Alaria cariuata (often called Aporrhais. This species 
bas a narrowed tongue like, and not broail. exjninKioii nf the 
outer iipl 

Cepli. Ammonites ; — Acanthoceras (/)oufi7/ncefa^) marnil- 
latiiin (near base*; IIof>i\U4 itti^i'ruptuji ; I/oplites laulufi ; 
IlvpHtee S-p’^efuIf-m ; ^c/i!irnbtichia injJaUi (= ro#^ra/fl). Jlaviitet. 
Ancvloceras. Ddevtniiis minimwi. 

Upper CretaceoQs. 

C^.V0if.t.v/.4.v (l>nver Chalk Stage). 

Spon^ia'. /V#>wri//7iuj nuiandriu/i. 

I^Hant, [Osiren) /firuji. J'^cien 

Ceph. Amiii'>niie« : — dran/A'«,'^ at , Sdilftubaebia 

r^tnaru. S^aphilej n^pudvi. emtatu^. Af'iino'njryi.r 

fienus {Hd>;in7\\fy^-^ i at ton of series). 

Erhinoidea. /)u-i'..vo ey/i n^/nr<i. Jldnsfrr 

Trnnsi.KS (Middle Chalk). 

Hrarh. T^r^^ralnfinti rp-arilu. 

I.Ani. /je>-'ram>w lahiatu*. 

Echinoi'lea. iDAasUr pJanna. 

Srs«^SI AS Upper Oi al k ) . 

SpongiiP, Dcrryd*nnn. Vf.nirirulites. (Jl\nna rrHaetn (known 
HA Inrinirs, or casts of Inrings v 

Ilrach. T^rdirniuht ^nrne^, Terthraiulxna liriata. Rhyn- 

rJii.nrlfa }>licat\l\4. Cranvi. 

Lam. DfcUn (a«srna! I almost smooth form). SpomUjlu* 

fjniiofiu. /n/^eramu^ Cuvieri. Inocnamuji f irony niarti. I/lp- 
pfiiriUit. Oetrm yf/iOHlaris. * 

Opfi, H€l*'mn\td}tt rnucronnVi (in higher l)e<!s). 

Echinojdea, Cxdarin $ceptrifera. Cyphonfma Ktrnigi* 
nli>f^alrrn9 {Erhi iioftm us rrm icus ) . Af kr aster Cora nyu\ n um. A tut n- 
chyles vtalus ( Kch inocoryji ruhjuriH). * 
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D A S / .1 N. 

Lfun. Osirea vesicidaris. IIippuTite% 
Ccph. BacvUfes Faujasi , 


X. EOCENE. 

Lower Series (London Series), 

Lowi':r LoNDoy Tertiaries. 

Lam. Ostrm h^lovacina. Fectunculus terehratularis. CyTena 
nifteifi/nnis. Cyprina ^forrlS^i. 

'last.* Cerithivm funatum. ^fehnia inquinafa. Naiica sub- 
fif^pressn. 

LoNDoy Clay. - 

T>am. Pectunadus breviroatri^. Pholadomya m'^ryarUace^i. 
Ttredo (common in fossil wood). 

Oast. T^mdtella imbricaiaria. Aporrhaxs Soicerbyi. PleurO' 
torna (and several other species). Galenis [Cabjptrcea) 

irochiu^'mis. Cosaidaria nodosa. 

Cejili Xaidilus impmalis. 

Annelida. !)itT\(pa plana. 

Crustace a. Uaploparia Belli. Xanihopsis Lenchi, 

Middle Series (Bracklesham Series). 

Foraminifera. Nximmuliks Icevigatus. Nximniuliies variolarins. 

Ad in. IMharo'.a Websteri. 

Lam. Venerkardia {Cardita) planicosla. Tellina speciosa (and 
Kovrral other species). ' 

Oast. Gerithium gi<jankum, Mnrex minax. PUurotoma 
atienuala. Conus diadema (and several other species). 

Upper Series (Barton Series). 

Fiiram. Xurnmnlifes P rest (rich i 

Lam. Cra^satclla sulcata. Cardita .sulcata. Chama Sfpiamosa. 

(hast Bifsh’l/aria (sulvgcn. l/ipporhrenca) ampin. Fusus (sub- 
join CParclJa) louiifvni.'i. Coluta lacfatric. Volut i afhkta. 

Pb’.ii rotoma rosirata. 
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CIIARA<'TKR1STH’ IVVKKTKRRATR FOSSILS. 


XF. OUOdCKXK. 

LoVer Series (Tongrian) (Flavio-marine Series uf Isle of Wight), 
Liun itn'misatn (thr typinil fossil of the nmrine 

ban^lsV Cvttiui oU>vtittj. Oiitn'n 

Corftuia fiUum. 

Gist }feh>iia rostata. tuf'ri- 

MelnnttjufU Oirinafti. C^r-tthinm mutahilf^. ('trithuini 
fiiiciUitm. i\nShiHiH >;(e>jnns, A’i.s.v.Hi f ^en(fn't ronrai'fi. 
<‘jno.int^. Limu'ra 

PUitMrhis ettomphahu*. J'{(iH<^rhU tiUrus. Uu(a, 

Bufimujit W/*/j/i(*UvS. 1 1 Air Kjlohosa, 

Ostracgtia. ( 

Upper Series (Aqnitaaian of Paris fijjsin an<l North <lcrmrtny). 

(hkst. Atr/ifN^o ''oni'Vi. PoUivw{*\< Lnm>ir<'ku i^hinorhis cor/iu. 
Iltkx />-;Ar(jruvi lan<*l several other speeies). 


XII. MKHKNK. 

Burdigalian iFaiuns of Htnleaux). 

(hast, JA/ohi/i itqHvUinv>\. Uy>ir(J>in tunUx (in Mainz P>asin). 


HelvelitS (faluni of Touraine and Anjou in great part ; 
Swi.ss Marine Mollas.^i*'), 

r4im. Osi'fta rra^nmrna. Lima tqnamoia. Area /Hfvnif/k 
Goal TrocAta ineraimtui. 

E- hi noidea, SeuttlUi. 

Tortoniw (of N. Italy, Ac.). 

i 

Gast. P/iruro/oma(numeroui«pecies). Volvta 

ttiruMrw. //e/tjr lufOn^tU (in Touraiinsp 


xni. PMocKNn. 

Sarmaiian. 

Lam. JJ«dgium : ~~ Paanft^ra M^^nnrdi, Vii-tma Hasin : — 
CtriOiinm. dujw^am and other sjsjcieH ; Pardium ;>/tcu/uin 
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Cast. Vienna Basin: — Melauxojms : PaJudina; Riiioaantjxdaia. 

Pontian (of East^ern, Europe). 

Bam, CorKjtria [V. II(frnesi and other species). 

Cast. Mdanopm {M. iwjjrma and other species). 

PJacentian (Coralline Crag of England). 

Polyzoa. * Fascknlaria aurardium. Pschara fnonilifera. Celle 
hora edax. 

Brad). Ttrehratxda grandis (an unusually large species; 
found also in the T.eniian) Beds). JAngula Dumortieri. 

J.am. Pectn-nculvs gbjcinieris (found also in the* Lcnham 
Beds). Af(ni-(e Omaki. Cardiia senilis, Cyprina islandica 
(al.^-o in higliCL* Pliocene). 

C.-ist, Tnrritella inerassata, Vohita Lay^^bevti, Cassidaria 
FiaiJa iPynda) reticulata. 

Kcliijioidea. Pchi)ius Woodivardii. 

Astian to Sicilian (English representatives). 

Red CRAn. 

I^m. Peefen opercidaris. Cardiim Parkinsoni. Tellina 

Mdffra ovalis. 

(last. Rucciuum nndatnni. Nassa reticosa. Pxirpnra tdra- 
i:,-ud. Pvrpura hiplllu^. rmi.Uipxmciata* (and several 

i<ihi‘rV]^ei ies). T rc}>hon{N (j-tunea) (mtitjvus. Trophon {Neptunea) 
<(.u(i\uius (a connnon “left-handed" furin). 

i\'0 AM17(7/ CrAO, 

Tui ritdh krehra { - cemnmnis). Trophon sclari^ormis. 

VinilK.ilOPD PRDS. 

him, frtnii'ata. Cyprina idandka. 

Ca.sl. (ittorea. 
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INDEX. 


A. 


Abney’s level, 8. 

Absorption of light, 144. , 

Acanthocerag, 380. 

Acetylene tetrabromide, 31. 
Ac-idaapis, 393. • 

Acmite, 181. 

Acrosalenia, 384. 
Actinocamax, 373, 
Actinoceramus, 337, 
Actinoceraa, 359. 
ActinucrinuB, 379. 

Actinolite, 155, 

„ -Schist, 282. 
Actinozoa, 304. 

/Kgirine, 181. 

/Kgoceraa, 366, 

Agate mortar, 41. 
Agglomcrate-lavaa, 90, 197. 
.Agglomerates, volcanic, 195. 
Aggregate-growth, 149, 
Aglaspfs, 401. 

AgiiostuB, 397. 

Alabaster, 208, 274. 

Alaria, 348. 

Alaakito, 219. 

Albite, 84, 173, 275. 


Alcyonaria, 306. 

Alectryonia, 339. 

Algie, "action of, 203, 204, 208. 
Allot riomorphic crystalfl, 99. 

• Allpoi't, on Wrekin rocke, 265, 
Alum in trachyte, 245. 
Aluiuinium plate, 40. 

teats for, 60* 
Alunitc, 77. • 

Alveolitea, 310. 

AmallhoVi 30 ^* ^ 
Anvar.o'h-stoni’, 84. 
Anil-rycoceras, 3(57. 
Aniblystcgitc, 178. 

Amethyst, 155. • 

AjninonitrB, 363. 

Ammom>idoa, 360. 

5imp)jiboleB, 166, 181, 190. 


Amphibole-Schists, 281. 

AmphiboUtc, 27.3, 275, 281, 282. 
Amygdaioidal structure, 100, 
Analcite, 155, 

Analysia, chemical, of rocks, 107. 
Ananchytea, 387. 

Anataae, 155. 

Ancyloceras, 371. 

Andatn^ite, 89* 155, 272. 

Andesine, 84, 173. 

I Andesite, 249, 250. 

-tilass, 266. 

Angelina, 397. 

Angles of crystals, 16, 136; of ex- 
tinction, 145. 

Anglesite, 66. 

Anhydrite, 66. 

Annelida, 389. 

Anodonta, 334. 

Anomalous double refraction, 150. 
Anorthifce, 66, 84, 17^. 

,, -Gabbro, 234. 
Anorthoclase, 168. 

Anthophyllite, 156- 
Aiithracite, 213. 

Anthiacosia, 334. 

Antimonite, 66. 

Antimony, testa for, 61. 

Antinomia, 316. 

Apatite, 67, 156. 

Apiocrinus, 378. 

' Apl^o, 219. 

Apophyllito, 67. 

Aporrha\^, 348. 

Aptychus, 357. 

ApuB, 393, 404. 

Arkohnida, 393, 402. 

Arajometer, 25. 

Aragonite, 36, 67, 156, 201. 

Area, 332. 

Arcestca, 364. 

■Archieocidarie, 388. 

ArchseoniBcus, 404. 

Archanodon, 334. 

Arenaceous foraminifent, 294, 
297. 



420 


INDEX. 


Arf^odivinito, IjiO. 

Argent ite, GT 
ArgotiAtitd, i5o. 

ArieU’es, 3G7. 

Arkiw<-, m. 

Ar>onio. for, Gl. 

ArthrujKxia, litH). 

AnicuUu, j. 

AjyipKus, 400. 

A^he-s, v.,>!c4nic, I9i, 277. 
Asiph.viAlf Iwimelijbrijn hs, 3.12,143: 
XiiK 

A5.-iiina, 29G. 

Asturto, 321^. 

As:en.v,.lo.i, 

Asthfnt«>oui», 

AstM|K.vten, 

At.i.atu:to, G7. 

Atr.^ctilite^*, 371. 

Atr -i^i. 3h. 

Augit'‘, G7, 157. 

252. 

'2’27. 

223 , 

Au^;tite, m. 

Avi. tiU. 33.'. 

Avi.,ulo|yxl^n, 311, 

Ax-M u! ll;. , ^7. 

A7urit#>, 67. 

B. 

Bacirltes, .363. 

Ii.iculiles, .370. 
luk^a HliaU', 272. 
lJ.xn<l<-4 Htru' turw, 07. 241. 
liaruim, for, 01 
liarkcvikile, ls|. 
lUmviOe- * ra..<, .3.>M. 

Ikiryl^'H, 67. 192. 

Pka-x-xU-I 26,k. 
lUibiltic Alt sil«, 252. 

Iia*.anitc, 2.'o, 26^), '261, 

liMtile, 1.57. 

Iti ih m rx,**; r/ts , 3-53. 

Bauxite, l9^l. 

l>rki on reiracUve i rifle x, ! 12. 
fJelomriitella. 373. 
liclemnilefl, 371. 
li^lemnotcathi.H, 374. 

Belinumif 402. 

Betlcnupiin^i 3ri2. 

BelowrpU, 374. 


lU'K'okt'f.i lUuiiter), lOfl. 
iM iiraiul I4i’i. 

Il<yriclkia, 10'2, 

Uotiti', 15S. 

Hirefriiigrritc, 144. 

j Bismuth, test fv>r, 61 ; native, 68. 
Bi-inuithine, G8, 

< Black lUii'i, 209. 

Bla.stoi.ii-a, 

UK ndu, 77. 

Blowj'ijve, .37. 

,, oxAmiiiation of miiuTal*, 

17-38 ; xvtirks on, 41, 

, , 'Bsnir.s, 44. 

,, -laiitiH, 1*S. 

,, reagL-ntti, 42. 

Blue glajw, use of, 49. 

; Iktlton, on Us© of organic acifia, 14. 
liont- lKvI.H, 207. 

Botiney, on sjhcvoua ct-rm-ntu, 192, 
Borax, rt-actions in, 49 
I Ikiring niollu.sca, 124. 

■ B*>rini<“, G8. 

: Boron, tests for. 81. 

Boro'.ung.slate (jf ivwiniinrii, 30, 116, 

; Ikfthriocidaris, 1*o<. 

; Bsnirgui'tla, 149 
; Br.ii hio{jo(!a, 11 4. 

Brucciat- <1 lavas, 90, 197 ; iiriii>ston«, 
j 'JIM], 2ti7, 

I ,, sLrin-turo, 94. 

:Hr . iuo|,,rn., 11. 

, llronii r0<-, 71 

1 Bf' 'iitf'ii-, 401 , 

Hrofi/ito, 17''. 

Biovt II < 4>al. 212. 

Hr ui'it 36, li'S, 

|irvo?i».a, 11 1. 

Bu' « ilium, 146, 

Bulirnus, 151. 

Bytowiiile, ^4, 171. 

c. 

Cadmium, if-i't for, oi. 

(‘alaniine, 5.S ; •' Bh’i trie, “2, 

I ’alo-arroui* Alg.'i', ‘2tt.l. . 

Cahr-ol.v, ,30X. 

< ah ijilivrf, 2*71. 274. 

('alnte.'nH, 1.5H. 2**1. 

('ah’iuni, for, fll. ^1. 

rnlo Selii^t, 2s1. 

L'alymnie, 198, 



INDKX. 


42i 


Halyptni'a, 352. 

(.'iimiii'ojiliuria, 317. 

Cannitotiitc, 232. 

Cauiiiia, 307. , 

Carangeot, ountact goniometer, 16. 
Carbon dioxide, tesls for, 61, 
('arboimtea, examination of, 34, 105. 
CarlKiiiicola, 334. 

Card trays, 292. 

Can) ini a, 330. 

Cardiuceraa, 412, 

Cardiola, 333. 

Caniita, 330. 

Cardin m, 328, *• 

Carpenter, P. H,, on crinoftis, 376. 
Carstoiie, 103. 

('a.ssidftri&,,347 
(.’as.siterite, 68, !59. 

(.'elostine, 68. 

Cellepora, 314. 

CephalopiMla, 3,55. 

Ceratiocaria, 404, 

Ceratites, 364, 

Ceritliium, ,349. 

Ceromya, 326. 

Oni'.Hito, 68. 

Chalcedony, 159, 192, 210, 
Chaloopyritc, 70. 

Chalcosine (- UtMlrutliite), 75. 

Chalh, 201, 202 
Chalybite, 69, 

Charna, 3,30. 

CliaractoriBtic invertebrate fossil.s 
40.5. 

Charcoal for l>luwpij>e work, 39. 

,> reaciiona on, 56. 

Chasmopg, 400. 

(dieilostomata, 313. 

Cheirnrus, 393. 

Chemnitzia, 349. 

(dicnopus, 3 IS, 

Chen, 200, 210. 

Chwi.Hh>lite, 1,59, 272. 

Chlamya, 341. 

OdormUiite, 60. 

Chfiirino, t<'sts ft)r, 61. 

Chlorite, *160., • 

('idorite Schist, 280. 
djU)ritoid, J72. 

Cho«(lft)pliora, i7i, 

CliFomitc. 69, 160. , 

(diromiitm, tefl.'^for, 61. 

('hrysi>colIa, 60. 

C hry sodom us =s Noptunoa, 417. 


C'ldm is, 385. 

' Cinnabar, 69. 

I Cipollino, 274, '. H3. 

! Citric acid, use of, .35. 

Clavella, 316. , 

: Clay-iroiistone, 2o9 (see Chalybite). 

I Clays, 197. 

j Cleavage, of minerals, 20, 138; of 
I rocks, 96, 276. 

|Cleistoj}ora, 310. 

Ciimacograptus, 303. 

Clinometer, 5. 

Clinozoisite, 185, 

Cliona, 299. 

Clymenia, 362. 

Clypeus, .386. 

Coai.^, 212, 

iCoatc.s‘,s Italancc, 27. 

Cobalt, nilratf. u.<e of, .5.5. 5S. 

, , tests lor, 61 . 

Coballine, 69. 

Coccolitc, Hit). 

Coecolilhs, 20*2. 

Cu'loccraSp 368. 

Ca-nilcs, 3 MC 
Collyritcs, 3S7. 

Cohimn.ar stnict nr. , iK. 

I Conijiact Syenite. 221. , 

! Con)])ositc giieis.-;, 102, 27S. 

1 Coiicretionaiy *2(i‘j. 

I Concretions. 2o7, 20*9. 

Cone-in-cone slrneUire, 2o9. 
Coiigeria, 335. 

Conglomerates, 213, *283. 

: Conocardiiim, 32S. 

Conocepbalns, 307. 

Coiiocorypbe, 397. 

‘ Contact (ionioineter. 16. 

,, ‘inetamorpliism, 271. 

Cotuour linos, S. 

K'omilaria, 355. 

C'omis, 345. 

Convergent ^>olari.sed light, 151. 
Copiiei*, tests for, 61. 

• (dance, 75. 

I ,, Pyrites, 70. 

^ Chiral •Limestone.'', 203. 

I Corallines, 203. 

('orbicula, 329. 

Corinila, .32". 

(''ordier, re.sr>arelies on constitution 
of rocks, no, 132. 

■ Cordierilc, 16(1, 2S4. 

Cornish and Kendall, ou shells, 201 
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15DEX. 


Corrosion of crysUU, 137. 

Co^to, U^ti. 

Corundum, TvX 
CooraocerAs, ^9. 

CrftniA^ 321. 

CHsaAtoUa, 330 l 
Ormuidfld^ 37$. 

Oiocena, 37 
CnutAoe^ 390. 

Cryolit#, 70. 

Cryp^wyiUlline alructuie, 90, 244. 
CryiHostoiiiAli, 313. 

C^muUinfl nndstunM, 192. 
Cr^hu*, 99. 313, 264, 267. 
Ctenoatreon, 341. 

CuculUeA, 3^ 

CupelUtion of lead ores, 56. 

Cupnte, 70. 

Cyathocrinus, 379. 

C)-aihophyllura, 307. 

Cyclas, 329. 

Cyclolitei, 309. 

C^'clolobuf, 365. 

Cyclt«tomata, 3ll« 

CyphiTSOtna, 3^ 

Cj*prid*;a, 391. 

Cypridiaa, 391. 

GJypriiu, 329. 

C\'pns, 391. 

Cyrena, 329. 

C3rTt'>oerM, 

Cyrt-xlonU, 33i 
CyxtidcA, 3SO. 

Cymidfaxw, 380i 
Cytbere, 

CythfToa, 325. 

D. 

Dacite. 2 .y). 

Dactyliowra-'f, 411. 

Dalnunia, 401. 

Dollon, method of datermlninj^ 
dip, 6, 

DaonelLa, 336. 

Tlecapoda, 37S, .T79. 

Decfdlaled ah^dU, 343. 

I>cle9ae, on rock-oonatitution, 121, 
1.32. 

Dense Ihjaida, 29, 116. 

DedUlina, 295. 

DenUltum, .342. 

Derired (osihU, 292. 

Desert^, IW. 


^ Ivi, 

l>ial>a.se, 227. 23:., 2o3, 26H. 

DUttage, 161. 

DIatoniAt'iTiUK d<‘[H>isitA, 213. 
Dihuiiuphyllutu, 408. 

Diceras, ^10. 

I)iclm)5<*n]H*, S9. 

Dick, Allan, {K'lrologual niu 
126. 

DictyniicniA, 3(4. 

Diilyuiograptus, 303. 
IHffujsiini'Colunm, 31. 

Diopside, IGl. 

Diorite, 227. 

Ihp, dci^nutjaiion uf, 5. 
DipViijraptus, 3<i3. 

Dtpyrr, 180. 

Diaciita a^^il i)i>ciiii>ca, 321. 

Disci tes, 36H. 

Discoidea, 3S5. 

Displacement .tpiKiratua for apeci^o 
graTitiea, 103. 

Ihtroite, 223. 

Ditruja, 31X1. 

Dolerilc, 23<,i. 234. ' 

iXdoniitc, :D. 7<'. 10'., 161, 2inl, 274. 

IXilumilic l<k), 200, 274. 

iMmIte, 247. 

iXirvdrrtu.!. 3(H>. 

Do.iliie rcfracU'JT), 144; anoinalona 
150. 

l>«)iivi)!Lircra>, 414. 

Dr'-iiu*''n((U (Dri i>‘.-ena . 3.35, 

I^m.iy atructure, 9". 

Ihinitc, 239, 

£ 

EcUnobrUsus, 3se 

F/:hinoconus, 38.5, 

Plchinticorys, 3H7. 
i EchinfM'rinus, 3ft8. 

I }'7chino<leniiatii, 37.5. 

Kchinoid* a, 3.H1. 

Kchinofi|jlia 
Ecliintts, 384, 

Eclojjile, 2H2,' 

KWur-. 74. IC9. 

„ -Diorite, 229, 

„ -Syenite, 

Klvan, Klvanitr. 220, 

KnchMiirM in minerah , 139. 
Kncriiiilea, .375i 

Kaerinua, 377* 
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riiicrimlationB on charcoal, 57. * i 

Knriotliyra, 297. 

Ktintatite, 178. 

Kntalophora, 312. * 

Kntomostraca, 390. 

Kntrochal marble, 377. 

Eozobn, 273 (footnote). 

Kpicliorite, 226, 228, 229, 235, 282, 
285. 

Epidote, 70,i61. 

Kp.^om f;alt (Epsomite), 71. 

EnibeBcito (Bomite), W. 

Kschara, 313. , 

Estheria, 392. * 

Eucchinoidea, 388. 

Euomphahia, 352. 

K«photide,'227.* 

Eurite, 220. 

Eurypterida, 402. 

Eurypterus, 403. 

Exogyra, 340. 

Exliiictfon, angles of, 145; unduloso, 
l.'iO. 

Extraction of minerals, 14. 
Eyc-atructure, 96, 279, 284. 

F. 

Fascicularla, 312. 

Favoaites, 310. 

Folaite, 220, 242. 

Felapaia (see the various Bpecies). 

* in sands, 190. 

,, , flame -reactions of, 78. 

FeUtone, 242. 

Feudstella, 312. 

Ficula, 347. 

Field-observation, works on, 2. 
Flaggy Gneiss, 276. 

Flame -colouration, 47, 78. 
Flaser-gabbn), 234. 

Flint, 189, 200, 210, 214. 
Flow-Breccia structure, 99. 

Ftuidal gneissic structure, 102. 

structure, 99 
Fluorine, tests for, 62. 

Fluor-»p4r, 74, 162. 

Foliation, 96, 278. 

*Fofani^ifein, 294. 

FortUenstein, ®I. 

Ftil-m o{ 15^134. 

Formations, geological, 293, 

Fossils, stud^of, 287 ; mode of pre- 
aervation, 290 ; derived, 292. 


Fourmc, use of electro- magnet, 115; 

of nydro fluoric acid, 120. , 

Foyaite, 223. 

Franklinite, 71- 

Fusibility of minerals, 45, 81; of' 
rocks, 104. 

Fusion-place, 45, 79. 

Fusulina, 297. 

Fusus, 34ti, 

G. 

Gabbro, 227, 233, 285. 

,, -Gneiss, 285. 

(Jalena, 71. 

Galerites, 385. 

Galerus, 352. 

Gallinacc, 266. 

Garnet, 71, 1Q3. 

„ -amphilxjlite, 282. 
Gasirioceras, 363. 

Gastropoda, 343. 

Gedrite, 156, 

Gelatinisation with acid, 33. 

Genera, range of, 293 ; importance 
of, 405. 

Geoteuthis, 37*. 

Gervillia, 337. 

Glass Tubes, reactions in, 53. 

(Glassy igneous rocks, 263. 
Glauconite, 191, 299. 

Glaucophane, 181. • 

,, -Schist, 282. 
Olobigerina, 295. 

Glucina (see Aluminium), 61. 
Glyciraeris, 325. 

Glyphioceras, 363. 

Glyptarca, 406. 

Gneisses, 283. 

Gneissic structure, 102, 284 
Gomphoceras, 359. 

Gpniaater, 3S9, 

Goniatitea, 362. 

Goniometers, 16. 

GonioAiyn, 326. 

Gbthite, 71. 

Grammysia, 335. 

Granatocrious, 380. 

Granite, 217, 225. 

Granitic structure, 100. 

Granitito, 218. 
tiranodiorite, 225. 

Granophyre, 102, 220, 221, 227. 
Granophyric structure, 102. 
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Kaolin, 72, I 

1,11 )j)r>d s\jeUs, * 

H iind Cui'iiifili, on sliolla, 201. 

iu;r;irgyrit{j, 72, 

K(!r;Uii[)ljyre, 222, 224. 
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Laxuli, lt>4. 

K.i|HV(;rlh, on ineianiorphic rocks, 
27 s, 279. 

l.iiorito, m, 1!)!),2)0. 

Liw.soii, uii Mali^'iiile, 223 ; on 
l„aurcnlian, 2S3. 
ly'ad, t('.sts for, 02. 

. U' la; :I27. 

I/'ft-liaiided slx'lls, 344. 
l.finlMTf's test, .Ht), 

392. 

lA-pralia, 313, 

lifpta-n.a. 319. 

[.(Cptostraca, 403. 

I^t^piynile, 280. 

Leueile, Hi, UjO. 

,, An<lcsito, 2.')5. 

Itas.aU, 201. 

Vcii -itite, 232, 2.36, 2o6, 2GI. 

L<.'*icoxene, 183 

LI) -rzolilo, 239. * . . 

[.itiia, 3'^. • 

^Lunbiirgite, 262, 2GS. 

me.'P I!)!) j^eoncrel ionary, 209 ; 
cfvstallino, ‘ 2 ;:\ 274, 283. 

I.mnia *, .’kl-f* * 

lamoiiilo, 73, 167: 

Liriinlns, 40W'1CI2>. 

Liiick, on I'lne.'.toiKS, 204. 


Lin;^iila and Liiigulcda, 320. 

Li pari te, 240. 

Hlharica, 308, 

Litltistidic, 300. 

Idtliiuiii, tests fur, 02. 

Lilliudomus, 33$. 

Lithoidal rock.s. !)!), 240. 

Lithopluses, 98. 

Lithostrotion, 307. 

Litturiiia, .331, 

Littorinella (= Hydtuljiu), 3 lU. 
Liluites, 3.79, 

Loams, 198. 

Luligo, 374. 

Lonsdaleia, .'-107 ■ 

L'lkeji’a liiilannr, 27. 

Lustre ui minerals, lu, 

,, • mottling, 101, 2;i6. 

Luxulyanite,,21!). 

I.ydiaii stone, 212, 273. 

Lytocuris, 370. 

M. 

Maerodon, 332, 

.Mactra, 326. 

.Madreporaria, 3o6. 

Magellania, 31(1. 

Magmabasaltj 202. 

Magne.site, 36, 73. 

Magnesium, tests ioi , 62. 

Magnet, use of, in is<plating cunali- 
tueiits, i 15. 

Magnetic cliaracters, 22. 

Magnetite, 22, 7,'k 167, 190. 
Malacliite, 73. 

Malacostraea, 404, • 

Malignite, 223. 

Manganese, tests for, 62. 

Manga[)ite, 75. 

^larbles, 274, 

Mareaaite, 73, 201. 

Marekaiiite, 105. 

Marialite (Scapolitei, 179 
Marls" 198. 

Modlicottia, 363. 

^IcigeiiTB test, 36, 

Moiotiite (Scaiwlite), 1 79. 

Melania, 349, 
xMclanitP, 163. 

Melanopsis, 349, 

Melaphvre, 253, 258, 260 
Melilite, 262. 

-Basalt, 261, 
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MflomU'.', 

MembmtiijHira, 

Meronrv^ te«U fi'r, 6'Jl, 

Meristp\la, :11S. 

McrwrjstaUiiu' struct un*. 99, 
Merostonista, 401. 

M^esou s c i ^ , 3%, , 59. 

MeuI, Tciluclitut U), willi bluwpijie, 
Metaiu<>vpiiic lUn ks, 271. 

Mot isylciie irxiule, 39. 
Mciicbthjocrinus, 3T9. 

Miirolitic structure, 97. 

MiMcite, 

MicAS, 167, 190. 

MicA-Schisi. 279 : Trap, 224 
Michehnia, ^3*)9. 

MictMter, 3S7. 

Microchemistry, 36. 

Microcline, 168. 173, 
MicrK 06 Biie«aJt. tra't'^nrs in, 51. 
Microcrjitallire structure, 99 
Mscro^niie, 22!). 

Microgranitic structure, l<>0. 
Microgranular structure, HU. 
Micregranulite, '.2)). 

-Micfogranolitic structure 100 
Mtcrt>,;TAj;lilc it ru eta re, 1C2. 
Microlttes, 243, 26.^. 

Micrt>lit:c itni'-tnre, 99. 
Mufopegmatiue g'ructure, 101. 
Microscope, petr'ilopical, 1‘23. 

MiltoU ' Mijitfiiic-). 295. 

Miller, rcrteclivc pDrjjomeler, 17. 
MilUlone 'Porphyry, 24). 

Mineral*, upect in rt>ck'icction*, 
134, 154. 

Min«tt«„222, 224. 

Mijtpitkel, 73. 

MfidioU, 337. 

Mohr’idiBplicemfnt-apj>aratus, 1C3. 
Molybdetiile, 73- 

MolyMwjum, le«ts for, 62. ^ 

Moitactinclli<i)r, 299. 

Monchif}uile, 

Monogr&ptQS, .7( 3. 

Monomjraria, 359, 

MonophyUiU^, 3C5. , 

Monopi^ra, 331. 

Motiotii, 336. 

McmtliTaltia, 309. 

Moontingnl mictoicoptcohjecU*, 12$. 
MurcKiicmui. 352. 

Murex, 347. 

Moj»covtt«, 169. 


NKh, 327. 

Myloiiitic structure, ‘279. 

Myophoria, .334. 

MytHui. 337. 

N. 

Nassa, 346. 

Natica, 330, 

Naticojrtis, 351, 

Nalrohte, 74, 169 
Nautiloiili'U, 3.58. 

Nautilus, :i.5S. 

NelAlia, 4<J3 ' ' 

N'-galiv« iitil jsmuivi} crysuU, SH. 
Neoctinouii'.a, 377. 

Neoliiuulus, 401. , 

Nepheliiic, 74. 84. itio. 

,, Aiuiwuie, 255. 

,, Kiaalt, 260. 

,, Ihurite, 229. 

,, lloletnto, 231, 2.33, 

,, Syenite, 223. 

■ I rachyte, 247 

Nepl.rljiiite, 232, 'JSd, ‘256, ‘201. 
Nepttttiva. 417. 

NcrineA, 3V<, 

Senta, 351. 

Neritin.i, 3,51, 

SlCi'idlte, 73. 

Sichol son's ara^onioter, ‘2,5, 
Nic)iols.»n, on .'^>3; on 

Heliolitej, 

Nickel, tests for, 63, 69. 

Nickel i Ilf, 73, 

Nitre, 74. 

NorlcMAri.), ‘29.5. 

Norite, ‘2-27. 

SoMjan, S4, 170, 

Noseaniie, *J32. 

NothooTas, 3r)H, 

Novaculilc, 211. 

NucuU, 333. 

NuiUporc* (c'lrallitica), 2t)3 

Nuramulites, ‘290 

' 0 . 

Oblique extinction, iv 

tHK.lfdU, 321, 

OUui,321. , 

t'hsirlian, 1(J.5. 261- 
Octoooralla, 3Ut, 306 
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« OIcostcpbamiH (iioliiutileiiliaiius), JiOtS. 
Oluiitiilua, 31)6. 

OlonuB, 397- 
Uiigoclaac, 74, 84, lT:i. 

Oliviiio, 74, 170; noflules, 260. * 

„ -ll&sait, 257. 

M -Diabaao, 235, 258. 

M -Dolerite, 234. 

,, -fiabbro, 232. 

M 261. 

,, -Noplieliiiite, 261. 

Rock, 239. 

Ornpliyni.'i, 307. 

(biiscuH, 378. •• 

Ooliu^s, 203. • 

Oolitic structfiro, 95, 203 ; in flint, 

212 . 

Opal, 171" • 

Uphicalcite, 274. 

Ophito, 101,237. 

Opliitic structure, 101 , 229, 260. 
Ofihiuroidea, 38S, 389. 

Optical sign ot minerals, 14". 
Orbicular atrucUirc, 102, 220. 
Orliiculoidca, 321. 

Orbitoiflea, 296. 

Orlbifl, 319. 

Ortbocerae, 359. 

Ortlioclase, 74, 84, 171. 

,, iKirphyry, 224. 
(b'liiogneiss, 278. 

Ortiumota, .334. 

Ortlpjpliyre, 224. 

Oiitrnciyla, 390. 

Ui^ln a, 339. 

^Oltrclite, 172. 

’Oxidiaiiig (lainc, 45. 

Ujtynoticeraa, 366. 


P. 

PalsBarca, 332. 

R.f!|“ast«jr, 3S9. 
4Vbeoehimr.i|iM, 388. 
RSbcochinus, 38-<. 
raln'ocop'stos. 405! • • 
ralajocnuoidba, 377. 

* i'ftijeontology, works on, 289. 
l*iiln);initcf^2r)^,4{269. 
I’l^l^idina, 350. 

Rannpiaa, 3:&. ■ * 

PaiiUdlerite, 246.* 
l*aral)olina,'IJ63. 


I'arado.Kidcs, 396. 

; Paragnei.s«, 278. 

ParaguniU*, 280. 

Parallelodoii, 332. 

Parish's balance, 27. 

Parkinsonia, 369. 

Patella, 353. 

Pecten, 341. 

Pectuncnlus, 333. 

Pegmatite, 219. 

Pegmatitic structure, 101. 

P4l6a Hair, 268. 

Pennine, 160. 

PentacrinuB, 378. 

Pentamerus, 317. 

Pentremites, 380 ; /^ ^iiipdoix, 380. 
Peridoiite, 236, 263, 268. 
Perisphinctes, 369. 

Perlite, 264. 

Perlitic strubture, 98, 265. 

Perna, 337- 

Peronidella (Peronclla), 302, 
Petrography, works on, 133, 
Pelrosilei, 220, 242, 

Phacops, 400. 

Pliaretrones, 301, 

Phasianella, 3."‘2. 

PhcnocrystSi 97. 

Phillipsia, 401, 

Pblogopitc, 173. 

Pholadids?, 327. 

Pholadoniya, 326, » 

Pbolas, 324. 

Phonolite, 247, 248, 249, 
Phorniosoma, 3S8. 

Phosphatic deposits, 2^8. 
Phosphorus, test for, 6,3. 
Phragmoccras, 360. 

Phragmopbora, 371. 

Pliyllade (Phyllite), 277. 
Phyllocarida, 403, 

Phylloceras, .365. 

Phyllopoda, 392, 

Picrite, 236. 

Pillow structure, 97. 

Pinite, 17-3. 

, pinna, p37. 

Piunigena, 337. 

Pisoliticstructuro, 95, 203 ; ore, 2i0, 
Pistacite, 161. 

Pitchblende, 74. 

Pitchstone, 263. 

Plagioclascs. 173. 

* Plagiostoma, 341 
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Riebockito, 18i. 

Kigtit-lianded ahelle, 344. 

Riiiiella, 348. 

KiiigH and crosses in convergent 
polarised liglit, 151, 

Kissoa, 350, 

Roasting of minerals, 45, 

Rock-Salt, 75, 208, 

,, structures, 94. 

Rocks, study of, in tield, 92. 
Kuhrbach’a solution, 30. 

Kostelliiria, 347. 

Kotalia, 2'J6. „„ 

Ruilista?, 331. 

Rupert Jones, T. , on Ostraco<ia, 
391 ; on Estlieria;, 392. 

Rntde, ) 5 , I79t 187, 191, 2;T, 
Kutloy, on Novaculite, 212, 


S. 


Saccammina. 297. I 

9;d-;uiuuuniac, 76. ' 

Sand, 186. 

,, -grains, cliaractcra of, 187. 
Sandstone, 191, 273. 

Sankline, 171. 

Saussuro, H. R. de, determinations 
of fiKsibility, 46. 

Saussurito, 177, 227, 285, 

Sci^ihites, 371. 

Si aplu.poda, 342. 

Scapolites, 179. 

^ Sebalstcin, 258, 

' SVliie/er and Schistc, 278. 
Scliiileri.sation, 20, 139. 

Schists, 278-283. 

Sclii/.CKl«lfi 334, 

Sohlo‘|jt)achia, 366. 

Scldkj^ijuia, 366. 

Sclilutcr, tin Holemnitella, 374, 
.^(^redidt, on Kurypterida, 403. 

183. 


fickTography, 288. 

Scoriamaia stniAttf.^ 99, UO. 
Scntella, 386. < 

Scyclite, 237. 

^.■a4n'chfh9,3»l. 

.'M'condarv novitrifieation, 241, 2-14, 
' '2C4. 

Secondary growths of crystals, 137, 
Scctiouaiw tlie microscope, 129. 
Sediwcntai’j Ika'ks, 180-21 4, 


Selenite plate, 146. 

Setninula, 408. 

Separating apparatus, 113-120 
Sepia, 374. 

Septarian structure, 95. 

Sericite, 169. [281. 

Serpentine, mineral, 189; roc-k, 237, 
,, -.Schist, 281. 

Serpentinous limestone, 274, 275. 
Scrpnla, 390. 

Shale, 197. 

Shells, constitution of, 201, 

Shtdly Limestones, 201. 

Siderite ( = Clialybitc), 36, 09, ISO 
Sieves and sift-ng, 113, 187. 

Silicale.s, decompositiorf of, 33. 
Silicon, tests for, 03. 

Sillimanite, ISO, 

Silver, tests, fur, 63. 

Sinter, 208. 

SinupalliiUeLamollibranch3,325. 
Siithonate I.^rael!ibranchs, 325, 32s, 
335, 

Siphonia, 300. 

Siphoiiostomatoiis shells, 343. 
Skelcton-sjiherulitcs, 244. 

Slate, 276. 

Smalliirt, ?6. 

Smaiagdite, 164, 

Sit^eth, on spccihc gravity of grains, 
24; separating apparatus, 119, 
Smilhsonite, 68. • 

Sotia-Ampliiboles, 181. 

,, -Microcline, 168, 173. 

,, -Nitre, 76. 

,, -Orthoclase, 74, 84, 172. 

,, -Pyroxenes, 181. , 

,, -RhyoUte, 245. 

,, -Trachyte, 246, 

S^alite, 84,-181, 

Sodium, tests for, 64, 81. 

Soils, 10, 115, 1S7. 

Sollae, on diffusion • column, 31, 

120 . 

Solul)ility of minerals, 32, 

Sonstadvs solution, 29. 

* Sorby, on microscopic mounting, 128 ; 
I on fiand-graina, 188; on Stones- 
j field slate^^OO; on conslitutio[\ 
of shells, 301 ; on oolite, lOl ; 
on travertine, 208 ; on corals, 
304. 

, Spalaii^s, 38". 

' Specific gftivity bottle, 24. 
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Specific gravity of mitieraU, 23'32 ; 
oJ^rocks, Ui3; of !;u)<^tauce* lighter 
than >rater, 2-4. 

Specular iron, 72. 

Sphonp,*7fi, 1S2, 

Sph*rium, 329. 

Spbeniidal stniclure, 97 
Spherulitie slniolurc, SJ', 241, 265, 
267. 

Spilite, 258. 

Spinel, 76. 

Spinelioidj, 11:2. 

Spirifer, 31S. 

Spiriferina, .118. 

SpiniU, 374, 

Spiruliroetra, 374. 

Sp<''ndylus, 342. 

Sfv^nge ?ipirtih‘5. ivw ; in chert. 211. 
Sp-.^ng«, 298 ; ■'iltoe-:)U», 21^ : ■ \1 
cAreoua, 3«)1. 

Sp-jtle(i Shi’e, 27i 
Stalactites, 2>.t7. 

Stalagmi 207. 

St^'phAn*^ ras, .%.S. 

Stihnite { = Antinv»nitrl. 1 j6. 

Stslhite. 1^2 
Straight extinction, 147. 

SlrvaK, 15. 

Stream Tin, 68. 

Stnkf*, 7. 

Slrin^o-ephaluii, .316. 

Strife m ‘^late. 'JTi?. 

Stromatojori, ; <r2, 

.''tr^ntiantle, 36, 76. 

'•troiit um, teiU tor, 64, 
S*r->[»hom‘-na, .319. 

4a3 

Siili-hur, f'-r, M), 64 , nanv. , 76, 
Sy'‘rut<’, *2'2'2: t 

me, 76, 

.''vrifi.^-OjF-jr.a, .310. 

.''vrifigothyrit, 4<»9. • 

.•'julr'. oti KUme-r*'.-iclion.>i, 78 H4, 


T. 

Tachylyte, 266 

T*lr, 76. IH3. 

, , 281 , 

Trail, rm tfr., 271, 282. 

Tr llin.^, .12.5. 

’leliorMim, 48. 

Te»Uct(litt'» 355. 


Tephriiie and Tophrite, 255. 
Tcrebratula, 3I5. 

Ten'hratuliua, 316. 

IVmlo, 327. 

Ti-tr.iconilU, 304. 

Ti’lractinellH tRrtn.O 4iU. 
Tolractinfllitla', 3t>o. 

Textuiaria, 295. 
rhalhuii) nilver lutratc, 120. 
Thamuaslra.'a, 309, 

1'hfva, 354. 

Thecosmilia, 3o9, 

Thecoaoniata, ^'454. 

Thrniliu*,;.>29. 

Tfioulct'i iie|>arating ntii«, 1 1 4 

117. 

Thread lace scoria, 2fti. * 

Tin, t< -ts f'-r, 64, 

Tnigu.uie, 225, 

'l iristono ‘ - Ca^ieiterite), 68. 

Tirve .Marl'le, 274. 
ritAZiic iruM ore, 76, 1H.3. 
ritanium, t««ta for, 04. 

TiMialite, 225. 

T.-jiar.. 76. 183. 

T'<iirmAline, 77, 183, 190. 
Tournialine-tlranile, 219. 

Toiaatr-r ( Neo<:omian), 41: 
Traohyci-ra*, 3t>4. 

Tracdiyte, 245, 

265. 

Frachytic .Andeaite, 251. 

Trap <’iranulilfl, 230, 2H8. 
Travertine, 208. 

for apecimena, 292. 
Tremacyitia, .302. 

Tnjraolite, 184. 

Tnarthnifl, .193, 396 
Tnchilea (crynUllilea). 261 
„ (molluac), 337. 

TrMlyniite, 184. 

Trivia, 333. 

Trilobttea, 393. 

Thnqolena, 398. 

Trocbolitei, 358. 

Trocbiii, .151. . , •* 

ITroctoHU, 234, m 
Trophon, 317. 

TdA. 195 
Tunjpten, teata for, 

Turbo, 351. • 

Turrilitw, 371. 

TurHtelk 349. 

Twinning, 15, 137. IM. 



INDKX. 


431 


0 . 

Unlo, 334. 

Uralite, 167. 

Uranium, for, 6r», 


V. 

Variolite, ' 258 , 267, 288. 

Vciiericardia, 3^. 
Vcntrioulitea, 301. 

Venua, 325. <_> ^ 

Vcrdo (li Corsica, 22l ' 
Vibration-tracM, 86. 

Vitrea, 295. 

Vivianito’^77, f^. 

Vivipara, 350. 

Vogeaite, 225. 

Volcanic agglomerates, 195. 
Voluta, 346. 


, w. 

Waldhelmla, 316. 

Walker’s specific gravity balance, 26. 
Washing of powdered materials, 114. 
Wobsterite, 77. 


Wet reagents, tests with, 32. 

VV ethers, on oolitic structure, f04. 
Witherite, 36, 77. 

Wolfram, 77. 

Wollaatonite, 77. 

Worm-borings, 389, 


X. 

Xanthopsis, 405. 
Xonocrysta, 97. 
XiphoBura, 402. 


Z. 

Zaphrentis, 307. 

Zeolites, 184 
Zinc, tests for, 65, 

Zinc-Blende, 77. 

Zircon, 77, 185, 187, 191. 

Zirconium, tests for, 6.5. 77. 

Zirkel, on Phonolite, 247. 

Zobtenite, 285. 

Zoisite, 185. 

Zoned structure, 141. 

Zones, secondary, arcumd minerals, 
234. 







